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ABSTRACT 
DRIVERS OF AGRICULTURAL LAND USE CHANGE AND MANAGEMENT 
DECISIONS IN THE DAKOTAS: THE INFLUENCE OF CLIMATE CHANGE 
AND OTHER FACTORS 
MOSES LURI 
2015 
This thesis conducts a general assessment of the: main drivers of land use change; 
recent and projected land use patterns; and the evolution of agriculture in the Dakotas. 
Specifically, it determines the main motives of land use change in the Dakotas by 
investigating individual and joint effects of external drivers of land use change on farm 
operators’ decisions and also examines recent and projected agricultural land use patterns 
in the Dakotas. Farm operators’ perceptions about the evolution of agriculture in the 
Dakotas based on observed changes in their local area were also analyzed.  
The study region consists of 37 counties in South Dakota and 20 counties in North 
Dakota, located in the Prairie Pothole region (PPR) where corn and soybeans are the 
dominant crops. The counties also included the localities where considerable change in 
cropping patterns has occurred in the past 20 years and where considerable conversion of 
grassland, all types, to cropland has occurred in the past 10 years (2004 to 2014). Data 
collected from 1026 producer respondents from the sampled counties via a survey 
questionnaire, was analyzed using SAS programing and MS Excel, 2012 edition, to 
produce frequencies, rankings, logistic regression, summary descriptive statistics, 
proportions and bar charts.  
xv	  
The results show that, changing crop prices, changing prices in input markets, 
improved crop yields, development of more efficient cropping equipment, and changing 
climate and weather patterns are the top five farm related issues with the greatest impact 
on farmers’ decisions regarding their own land use. Also, the proportions of grassland 
(excluding CRP) converted to cropland acres between 2004 and 2014 to total cropland 
acres operated in 2014, were 1.06% and 3.83% for ND and SD respectively. The 
proportion of grassland (including CRP) converted to cropland acres between 2004 and 
2014 as a proportion of cropland acres operated in 2014 were 6.81% in ND and 7.08% in 
SD.  
Finally, it was found that a majority of producers indicated that current 
temperatures, precipitation patterns and drought cases have not changed much in the last 
ten years and would likely be about the same in the next ten years. However, for 
respondents projecting changes in the future were much more likely to project higher 
temperatures, less precipitation, and more occurrence of drought.     
The survey approach adopted by this study has been useful and quite effective in 
understanding producer perspective on factors influencing their agricultural land use 




Throughout history, land employed for agricultural production has caused greater 
environmental change to the biosphere than any other land use. Human societies for 
many centuries have probably committed more land to agricultural production than for 
any other purpose. Demand for land especially for agricultural use in many parts of the 
globe continues to increase. Studies have revealed that the rise in demand for food to feed 
the world’s increasing population, the increased demand for agricultural output to 
produce alternative energy, high agricultural product prices, government policies in favor 
of crop production are among other factors that have caused a surge in the demand for 
agricultural land globally.   
In the U.S, aggregate agricultural production has grown about twice over the 
period 1948 to 2011 (Wang & Ball, 2014). This growth has been attributed largely to 
innovation, changes in technology and high economic returns associated with the public’s 
investment in agricultural research in the U.S, among other things. Despite the growth 
record of the U.S agricultural sector, factors such as climate change have placed great 
uncertainty on the future of the sector. Backlund, Janetos, & Schimel, (2008, p2) warns 
that climate changes (temperature increases, rising CO levels and changing precipitation 
patterns) are already affecting the U.S water resources, agriculture, land resources and 
biodiversity, and will very likely continue to have significant effects on these resource 
over the next few decades and beyond.  
The nature of climate and soils of a region may largely determine its agriculture, 
even though there is much more to an efficient and effective production system. In a 
2	  
given production system, the local services that support all land use is increasingly 
sophisticated and complex in nature. Thus, the presence of infrastructure like elevators 
and machinery services in a given locality 1) is the outcome of large cropping presence 
and 2) lowers the costs of production due to the very presence of these infrastructure and 
services. Hence, a good understanding of the production system in a given locality must 
precede effective control. It is also important to realize that farms in a production system 
are linked via their support system of infrastructure when trying to manage climate 
change adaptation approaches. The viability of a production system is greatly undermined 
if climate change or any other factors cause a significant number of farms to change that 
production system. 
In North and South Dakota of the U.S (hereafter referred to as the Dakotas) the 
vast majority of cropped land is found in the eastern third of the two states, with cropping 
mixes, hay and pasture toward the center of each state.  The west is dominated by 
ranching and hay production. The eastern and central parts of the two states are the focus 
of this thesis and also constitute the Corn Belt’s northwest edge. The high proportion of 
grass–dominated land cover as well as, the cooler and drier climate of the Dakotas, 
differentiates them from the rest of the Corn Belt region. Research shows that agricultural 
production and land use changes in the area have been especially dramatic over the past 
century, with significant impacts on regional ecosystem functions. For instance, 
harvested corn area in North Dakota (ND) has surged from less than 200,000 acres in the 
1960s to over 2,000,000 acres in recent years. 
Other recent research studies have approximated the extent of agricultural land 
use conversions in the Prairie Pothole region of North Dakota and South Dakota. Most of 
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these studies made varying emphasis on grassland1 conversion to cropland, increase of 
corn and soybean land and production, reduction in land for wheat and small grain, 
incidence of farmland drainage, and other land use changes.  Of all these distinct 
phenomena that have been studied, a significant amount of them focused on grassland 
conversion to cropland. Different authors have used different approaches to investigate 
potential factors causing this phenomenon.  Fundamental distinctions in the approaches 
employed to study land use changes have been along the lines of data, models, and 
emphasis on different drivers causing the change. Major drivers of land use change 
revealed by prior studies include: production technology changes, investment in ethanol 
plants and other rural infrastructure, farm policy changes and climate changes.  
  Quite distinct in its goals and approach, this study examines the interaction of 
potential drivers of land use change in South Dakota and North Dakota. It uses data 
collected from a survey designed to obtain producer perspective on land use changes that 
may have occurred in their locality and /or on their farm operation. This also includes 
their assessment of the relative importance of the driving forces behind land use changes 
in the past 10 years and the extent of their own adaptation.  
 
 
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
1	  Grasslands are areas dominated by grasses with a density of trees too low to meet an 
internationally accepted definition of forest, including savannas (i.e., grasslands with 
scattered trees). Grasslands also include managed rangeland and pastureland that is not 
considered as cropland where the fundamental land use is grazing, and which may also 
include grass-dominated systems managed for conservation or recreational purposes. 
(VCS Standard Definitions). 
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1.2 Problem Statement 
 With a combined annual agricultural product value of about $6.5 billion (in 2007), 
the states of North and South Dakota are economically more dependent on agriculture 
than any other states in the U.S (USDA––NASS, 2007a). The region possesses a highly 
productive ecosystem that supports different species of wildlife, and has fertile farmland 
for corn, soybeans, wheat, and hay as well as other crops. Rashford, Walter & Schrag, 
(2013) states that the very reason for the high productivity of the Dakotas is also the 
driving force of its biggest threats.  Conversion of grasslands to grow crops has become 
increasingly common in the region and is likely caused by three key factors: crop prices, 
government payments and climate change (Rashford, Walker & Schrag, 2013). Climate 
change has likely had very real effects on the economic and ecological outputs of the 
Dakotas. Badh et al. (2009) cited in Miao, Hennessy & Hongli, (2013) found that in 
North Dakota, the last–to–first frost growing season went up by approximately 1 day in 
every 10 years over the period 1879–2008. In a related study, Kucharik (2006,2008) 
supported findings on trends towards early average corn planting dates in a greater part of 
the Cornbelt, and has attributed a big portion of trend in yield increments to this 
movement toward earlier planting. These changes have made crop production more 
appealing relative to grass-based production.  
 Aside from climate, other major drivers exist, that cause the agro-ecosystem of 
the Dakotas to change. Quite clearly, technical change has had dramatic and ongoing 
effects on cropping in the area. Intensive grower and public research to adapt wheat to 
less water areas has led to a rise in wheat production in the area (Olmstead and Rhode 
2011). The invention of drought tolerant varieties of corn and soybean has greatly 
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reduced the problem of producing these crops in the western prairies (Yu and Babcock 
2010; Tollefson 2011). Xu et al. (2013) adds that herbicide-tolerant and pest-resistant 
corn and soybean varieties have reduced input requirements, increased yields and 
permitted growers to expand the growing season.  
 The impacts of economic conditions and government policies have also been 
especially important in shaping the production system of the Dakotas. Research shows 
that farm-level prices for major crops (e.g corn and soybeans) in the United States have 
experienced sharp increases above trend levels in 2006 and have stayed about 50% or 
more above the 1990-2006 average from 2007-2012. Part of the crop price surge trend in 
the U.S has been related to the strong emerging market demand for energy and feedstock 
coupled with renewable fuel use mandates implemented after the Energy Policy Act of 
2005 (Enders and Holt 2012). Another set of relevant policy interventions is the federal 
crop insurance program. Glauber, (2013) reports that since 1980 the use of crop insurance 
has increased quickly, coupled with growing philanthropic subsidies that total about $ 7 
billion each year between 2005 and 2009.  
 In trying to formulate adaptation strategies for climate change in the Dakotas, it is 
critical that we understand the role played by each of the factors discussed above. The 
fact that these factors are interconnected makes it difficult to readily tell the contribution 
of each factor to the phenomenon (land use change) in the region. Inter-connections 
between these factors are many and varied. Most prior studies on the issue have focused 
on the impact of individual factors. As a result, not much work has been done to study the 
major factors propagating land use change collectively. 
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 Popular models employed by most prior studies on the subject include: transition 
probability models, multivariate statistical modeling, spatial statistical (GIS-based) 
models, behavioral models and  dynamic simulation models. These models have been 
used to study the “where”, “when” and “why” of land use change in different settings. 
Whilst studies based on these models and similar approaches may have contributed 
greatly to explaining the subject matter, a critical knowledge gap remains unaddressed––
–a joint study that reveals the underlying relationships between the drivers of land use 
change. This study therefore addresses this important problem in addition to other 
pertinent questions on land use change using responses from a survey of farm-operators 
in South Dakota and North Dakota.  
1.3.1 Primary Objective  
 The primary objective of this research is to conduct a general assessment of the 
following in the Dakotas: the main drivers land use change; recent and projected land use 
patterns; and evolution agriculture in the area, using survey data.  
1.3.2 Secondary objectives 
The specific objectives addressed in the study are: 
1. To determine the main motives of land use change in the Dakotas by investigating 
individual and joint effects of external drivers of land use change on farm 
operators’ decisions. 
2. To examine recent and projected agricultural land use patterns in the Dakotas 
based on farm operators’ perceptions. 
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3. To analyze farm operators’ opinions about the evolution of agriculture in the 
Dakota’s based on observed changes in their local area. 
1.4 Research Questions 
The following research questions are answered by the study: 
1. What are the main motives of land use change in the Dakotas?  
2. What recent and projected patterns of agricultural land use have emerged in the 
Dakotas? 
3. What opinions do farmers have about the evolution of agriculture in their local 
area? 
1.5 Significance of the Study 
 Decisions regarding agricultural production systems are made at the individual 
level, but affect the aggregate agro-ecosystem of a community in one way or the other. 
The external drivers of production system changes tend to have long-run impacts that 
likely differ from short and intermediate-run impacts. Appropriately characterizing the 
origins and evolution of change in agricultural production systems in relation to historical 
climatic variability is key to managing adaptation to future climate change. More 
importantly, understanding the key factors the influence decision-making on land use 
changes and how these factors interrelate is critical information for policy-making. 
 To this end, this study is significant in the following regards: first of all, 
information from the results of the study will serve as good information for policy 
decisions on long-term improvement in the sustainability of agricultural and food 
production systems in this region. 
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 Secondly, the approach adopted in this study seeks to identify the comparative 
importance of factors responsible for land use change decisions plus stakeholder 
perspectives will be used to inform understanding of land use change decisions, and also 
motivate policy alternatives to be considered. 
 Furthermore, owing to the fact that no formal work has considered the likely 
importance of comprehending rapid land use changes in the study area, this study will not 
only be a great source of information on the subject, but will also become a future 
reference literature on recent land use change in the Dakotas. 
 Finally, the study will provide an implicit evaluation of the production system’s 
resilience because it is based on data collected at the farm level, which allow decision-
maker views on how their decisions are affected by changes in the surrounding landscape 
and what sorts of policies might alter the landscape change, hence the study will allow for 
further perspectives on system resilience. In summary, the reasons explained above 
provide motivation and justification for this study. 
1.6 Organization of the study  
 This study is organized in six main chapters. The first chapter contains the 
introduction of the study including the statement of the problem of the study, research 
objectives, questions and significance of the study.  
 Chapter two entails a review of theoretical and empirical literature on land use 
change. Thus relevant prior studies on land use change, the main factors propagating the 
change, related methodologies used in past research to study land use change and the 
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conceptual framework are discussed in this chapter.  
 Chapter three encompasses the methods and producers adopted in this study. In 
line with that, the research design, the sample frame, the sample size and sampling 
techniques, the scope considered and data analysis methods are presented in this chapter. 
 The first set of results in this research is presented in chapter four. The 
presentation and discussion of these results essentially cover the first and second 
objectives of this study. Thus, the main factors contributing to farm operators’ decision to 
switch land use are discussed as well as some results of actual conversions and producers 
opinions on land use conversion. 
 Chapter five contains discussion of the opinions of producers on the evolution to 
agriculture in the Dakotas. Three main topics are discussed under this chapter. The first is 
producers’ opinions on market outlets for their products, the second is a discussion of 
opinions on current versus past infrastructure in the Dakotas to support farming and the 
last is a discussion on changing weather patterns/adversity and how that impinges on 
farming.  
  Chapter six covers the summary, limitations, conclusions and recommendations 
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Chapter two 
Literature Review 
2.1 Introduction  
 One of the greatest challenges facing sustainability today is how to jointly achieve 
forests and ecosystems preservation on one hand while enhancing food production 
(Lambin & Meyfroidt, 2011). Lambin & Meyfroidt, (2011) also states that the challenges 
of developing countries coupled with the force of economic globalization have caused a 
surge in demand for cropland, which is shrinking in availability and triggering 
deforestation and accelerated land conversion. As a global phenomenon, agricultural 
landowners in pursuit of full returns on their lands sometimes make decisions regarding 
its use that may not be in the interest of society, at least in the long run. Decisions 
regarding land use conversion have been linked to a myriad of factors. Climate change, 
increasing crop prices, and some government policies in favor of crop production are 
among the key drivers of land use conversion as revealed by recent studies. Thus, this 
chapter is devoted to a discussion of these factors believed to be contributing to land use 
conversion. Relevant concepts and prior studies on land use change in the Dakotas are 
reviewed. Finally, the conceptual framework of the study is presented at the end of this 
chapter. 
2.2 Agricultural Land Use in the U. S 
 Land use can be explained as “both the manner in which the biophysical attributes 
of the land are manipulated and the intent underlying that manipulation” (Turner II et al. 
1995).  Corn, soybean and wheat fields, pasture and recreational parks, are a few 
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examples of land uses.  Research shows that U.S is one of the nations with the most 
endowed arable lands on the planet. It is revealed that an estimated 408 million acres 
constituting a fifth of U.S land area was used for crop production in 2007. In the same 
year, 613 million acres constituting about one-fourth of privately owned land in the 
country accounted for livestock and grazing land. It’s been two years short of a decade 
since these estimates were made and two major distinct arguments have been made 
regarding possible changes that may have taken place since. 
 Some people have argued that land put into crop production and ranching in the 
U.S has gone up in recent years. And this argument has been based on the premise that 
population increases, and global food demand upward pressures potentially have caused 
the demand for agricultural products and hence land to increase. A second group argued 
that in some parts of the U.S. the land area under cultivation have not been expanded over 
the years by virtue of factors such as technological breakthroughs in the sector (e.g. 
advanced farming techniques, genetic manipulation of crops, and irrigation). Regardless 
of which argument is right, agricultural production is a major use of land in the U.S 
accounting for close to 51 percent of the county’s land use base (USDA Economic 
Research Service, 2014). 
2.3 Agricultural Land Use Change in the U.S  
 Land use and land–use changes have great environmental and economic impacts 
for food production and trade, water and soil conservation, open space, air quality and 
atmospheric greenhouse gas concentrations, and other sectors of interest (USDA, 
Economic Research Service, 2014). Changing the use of agricultural land has the 
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potential of increasing environmental damage from agricultural production (Claassen, 
Carriazo, & Ueda, 2010). Converting land from grassland to cropland or even from less 
intensive uses to more intensive uses may for example result in wildlife habitat loss, high 
level of nutrient runoff and leaching, increased incidence of soil erosion and 
sedimentation amongst others. Claassen, Carriazo, & Ueda, (2010) states that conversion 
of native grassland to crop production land has become a critical issue in the U.S 
agricultural policy debates in recent years. Serving as home for a significant number of 
threatened species, native grasslands especially in the Northern Plains of the U.S. are 
among some of the most converted grassland to croplands (Claassen, Carriazo, & Ueda, 
2010). Fully aware that once lost these grasslands could never be re-established; some 
wildlife groups, environmentalists, and livestock owners have particularly been 
concerned about native grassland conversion to cropland in the Northern plains region 
(GAO, 2007).  
 The state of land conversion in the Northern Planes region is beyond just native 
grassland conversion as varying amounts of tame grasslands, wetlands and Conservation 
Reserve Program lands have been and are being converted to cropland. 
2.3.1 Agricultural Land Use Patterns in the Dakotas of U.S 
 North Dakota and South Dakota are grass dominated.  Grassland ranges from 
native prairie to anthropogenitically developed grassland types such as grass and hay 
lands, combined with cropland converted to perennial grasses through the Conservation 
Reservation Program (CRP) (Wright & Wimberly, 2013). Research has revealed that 
switching of lands in other uses especially grasslands to crop production lands in the 
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Dakotas has increased over the last quarter century, attracting substantial public attention. 
 Over the years, studies on agricultural land use in the Dakotas have revealed 
increased conversion of such land towards crop production. This phenomenon has 
increased in its popularity over the last quarter century, and has attracted substantial 
attention. Wright & Wimberly, (2013) found a net decline in grass-dominated land cover 
in North Dakota and South Dakota between 2006 and 2011, totaling 271,000 ha (>671, 
000 acres: Table 2.3.1). This change has been reported to concentrate in South Dakota 
and Minnesota, among states in the Western Corn belt.  
Table 2.3.1 Area of Land Cover/Land Use Change from 2006 to 2011 
Area, ha * 103 (acres * 103) 
Source: (Wright & Wimberly, 2013) 
 In a different study, Decisions Innovation Solutions, (2013) reported that cropland 
in South Dakota ranged from a low of 14.3 million acres in 1995 to a high of 17.7 million 
acres in 2001. Acres devoted to principal field crops (corn, soybeans, wheat, sunflower, 
and hay) in 2012 were estimated to be 17.5 million, being the fourth highest total since 
1993, and the first year data of this sort were available. Acres committed to principal 
field crops in 2012 represented about 36.1 percent of land acres in South Dakota 
(Decisions Innovation Solutions report, 2013: 30).  
State Grassland to Corn/Soybean Corn/Soybean to grassland Grassland net loss 
North Dakota  129 (320) 40 (100) 89 (220) 
South Dakota  256 (632) 73 (181) 182 (451) 
Sum 385 (952) 113 (281) 271 (671) 
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 The findings of Decision Innovation Solutions (2013) and Reitsma, et al., (2014) 
confirmed the trends found by Wright & Wimberly, (2013). All three studies agreed that 
loss of grasslands was connected with increases of crop production lands and non-ag 
uses, despite their disparate methodologies. 
 When compared with South Dakota and the rest of the Northern Great Plains, 
grasslands in North Dakota have the highest risk of being converted under current 
economic and climatic conditions (Rashford, Walker, & Schrag, 2013). In support of the 
argument, Babcock (2011) states that a recent study revealed that, the Energy 
Independence and Security Act may have increased prices of corn for biofuels by about 
17% and consequently driving up the rate of grassland conversion in the region.  
 Rashford, (2013) revealed a big picture of the situation in which he states that in 
2012, as compared to 2008, 2% less of the U.S Northern Great Plains (which includes the 
Dakotas) was grassland, due to expansion of cropland. This equates to 2,708,275 acres 
(1,096,000 ha; (Olimb, 2013). Wright and Wimberly, (2013) confirms that grassland 
conversion in the Western Corn Belt between 2006 and 2011 was mostly concentrated in 
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Figure 2.3.1 Map showing absolute change rate from grassland in 2006 to corn or 
soybeans in 2011 
 
GRCS: Absolute change rate from grassland in 2006 to corn or soybeans in 2011 
Source: (Wright & Wimberly, 2013) 
 In general, the prior studies on land use change in the Dakotas discussed above, 
all point in the same direction: significant land has been shifted from other uses to crop 
production recently in the region.  
2.3.2 More on Agricultural Land Use Patterns in the Dakotas of the U.S (Review of 
Indicators) 
 Studies that have tried to measure land use change in the Dakotas over the years 
are quite diversified in terms of their approach and in the indicators they employ to 
measure land use change. Due to the complexity of the issue, different authors have 
therefore studied magnitude of the practice using different indicators. Each of these 
indicators point to how a specific practice is implicative, either explicitly or implicitly of 
non-cropland conversion to crop production.   
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 Decline in Conservation Reservation Program2 (CRP) land is one of several 
notable land use change trends in the Dakotas (In 2011, an estimated 3.8 million acres of 
cropland were enrolled in CRP in the Dakotas, down from about 5million acres in 2007) 
(Feng, Hennessy, & Miao, 2012). Apart from the loss of CRP land, native grassland have 
increasingly been converted to cropland. There have been reports of increased conversion 
of native grasslands that were previously not cultivated to croplands in the Dakotas. 
Feng, Hennessy & Miao (2012) cited Claassen et al. 2011 & Stephens et al. 2008 as 
examples of recent studies that provided evidence that native grassland conversion to 
cropland is continuously on the rise.   
 From an ecosystem perspective, studying the amount of land use conversion from 
grassy habitats to other uses reveals the threat posed by the practice. Decisions 
Innovations Solutions (2013) in a spatial analysis of agricultural land use change in South 
Dakota, revealed that in terms of the degree to which habitat change occurred between 
2007 and 2012, there was a positive net land use change from the Grassy Habitat land use 
category to other land use categories. The majority of this net land use change from 
grassy habitat was toward corn, small grains and soybeans. Gigliotti, (2014) posits that 
the most threatened biomes globally are temperate grasslands, with the greatest threat 
being conversion to annual crop production. The Plains and Prairie Potholes Landscape 
Conservation Cooperative identified habitat loss (factors influencing land use and land 
conversion) as a key research need in 2012.  
 Other researchers have studied land use change by looking at the amount of 
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
2	  Under the Conservation Reservation Program (CRP), the federal government pays 
farmers to give up the use of land for crop production and keep these lands in permanent 
vegetation, which in most cases is grass	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wetlands3 converted to cropland. According to Wright & Wimberly, (2013), wetlands 
have increasingly known large conversions to cropland in the Dakotas at least between 
2006 and 2011. Expanding crop production land is the greatest source of wetland loss in 
the Prairie Pothole region of North Dakota and South Dakota (Johnston, 2013). In a study 
that determined recent wetland-to-row-crop transition rates within the Dakota PPR, 
Johnson, (2013) reports that on an annualized basis, the National Wetlands Inventory 
wetland loss rate was 0.28 % (−5,203 ha/yr) and the National Land Cover Database 
wetland loss rate was 0.35 % (−6,223 ha/yr).  
 Regardless of what indictor is used to measure the change, it remains a fact that 
conversion of non-cropland to cropland is not just happening; it is actually on the rise. 
Understanding what factors influence decisions by landowners in land use and its 
conversion is critical in identifying strategies, especially policy measures, to reduce the 
practice. 
2.4 External Drivers of Grassland to Cropland Conversion (Review) 
 Climate Change: the earth’s climate is changing (U.S.EPA webpage). The 
agricultural sector is a significant contributor to the U.S economy, which is largely 
dependent on climate. USGS warns that climate and land use changes in the future will 
likely have significant effects on the natural resources and infrastructure of the U.S. 
Continued occurrence of this phenomenon will eventually alter weather patterns and 
possibly cause a surge in natural disasters such as landslides, rising sea levels, floods and 
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
3	  The	  U.S	  EPA	  defines	  wetlands as areas where water covers the soil, or is present either 
at or near the surface of the soil all year or for varying periods of time during the year, 
including during the growing season.	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droughts in magnitudes beyond those ever recorded. The biggest impacts of climate 
change are on agriculture. In line with this, it’s been reported that: 
 Agriculture is extremely vulnerable to climate change. Higher temperatures 
eventually reduce yields of desirable crops while encouraging weed and pest 
proliferation. Changes in precipitation patterns increase the likelihood of short-run crop 
failures and long-run production declines. Although there will be gains in some crops in 
some regions of the world, the overall impacts of climate change on agriculture are 
expected to be negative, threatening global food security 
 (International Food Policy Research Institute (IFPRI) 2009). 
 In earlier discussions of this study, the contribution of climate change to land use 
change, specifically in the Dakotas was discussed briefly. Changing precipitation and 
temperature levels in some parts of the Dakotas has made the harvesting of some plants 
economically more beneficial than others; causing land to be converted to these more 
profitable ones. Cropland acreage has gained from theses switches in recent years.  
 Technological changes: The U.S. has one of the most advanced agricultural 
sectors in the world. In the last few decades, the country has made several breakthroughs 
in terms of agricultural discoveries. These range from manufacture of more advanced 
farming equipment, to discovery of pest and drought resistant seeds. With these 
developments, the sector has become more appealing to more people previously not in 
the sector. Most of these discoveries also tend to favor crop production and consequently 
causing the demand for cropland to rise in ag-dominated regions. The studies of 
(Claassen, Carriazo, & Ueda 2010; Yu & Babcock 2010; Tollefson 2011) have all 
reported that new technology is possibly contributing to increased grassland conversion 
to crop production as there has been rapid adoption of genetically modified, herbicide-
tolerant and pest-resistant corn and soybeans varieties that have cut down on chemical, 
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labor, machine and management time needed have changed.  For instance, the planting 
dates in North Dakota had been estimated by the USDA to between May 13-26 in 1997 
compared to May 2-28 in 2010, whereas South Dakota’s was May 9-25 in 1997 
compared to May 2-27 in 2010  (USDA 1997,2010). Miao,  Hennessy, & Feng, (2012) 
conjecture that, even though current land convesion may have been influenced by 
mometum from past conversions, all things being equal, the conversion of grassland into 
cropland is most intense where the existing crop acreage is sufficient to create input 
marketing infrastructure network effects. 
 External Economy (Crop price increases): perhaps one of the biggest 
contributors to land use change in recent years is increasing crop prices due to surging 
demand for food and bio-fuels (whose production is dependent on crops), as have already 
been stated briefly in earlier in this work. In line with this, Wright & Wimberly (2013) 
report that in the U.S. Corn Belt, a recent doubling of commodity prices has created the 
incentive for landowners to convert grassland to corn and soybean production. The 
pressure exerted lately by the upward demand of commodities around the globe has 
resulted in crop price increases in both local and international markets.  
 Agricultural and Environmental Policy: Studies such as Wu (1999); Plantinga 
(1996) and Good and Smith (2003) have verified the potential for agricultural programs 
to create unintended negative environmental effects through increasing the amount of 
land in crop production.  Several agricultural policies have been referenced as motivation 
for farmers to expand their lands or even retain land for crop production. Amongst these 
studies include land–use effects of commodity programs (e.g Wu and Brorsen, 1995), 
disaster payments, and acreage effects of crop insurance subsidies (e.g. Deal, 2004). 
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 According to Claassen, Carriazo, & Ueda (2010), migrations to corn and soybean 
production may have been propelled by a change in U.S. farm policy. The size of crop-
mix in the Land Resource Region of the Northern Great Plains, which includes the 
Dakotas, would have been much less likely under the U.S. farm commodity policies in 
place prior to 1996.  Yearly product-based payments and constant qualification for future 
payments have in a big part been centered on number of acres planted. Hence to get 
payments for a present year and for subsequent years, farmers were required to continue 
the growing of traditional crops. Producers who decided to change crops raised would 
give up payments based on traditional crops to start a new production history of a new 
crop and eventually becoming qualified for payments.  
 Government Payments: Apart from the factors already discussed above, 
grassland to cropland conversion has also been greatly influenced by government 
payments such as crop insurance and disaster payments, which impact landowner 
decisions (Rashford, Walker &  Schrag, 2013). Recently, government payments in the 
ecoregion is  reported to range from $0-32.47 per acre, averaging $8.31 per arce. It is 
esitmated that in the absence of government payments, the Northern Great Plains would 
probably have 5.5 million additional acres of grassland. Hence,  if government payments 
go up by about 10%, the probability of conversion ranges between 0.5–3%, contingent on 
location. On the other hand,  a 25% increase in government payments may increase the 
chance of conversion by 1-9%, contingent on location. This translates to an estimated 0.6 
million  acres of grassland loss with a 10% increase in government payments and a 1.5 
million acre loss with 25% increase in government payments.  
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2.5 Modeling Drivers of Land Use Change  
 Modeling land use change processes should aim to address at least one of the 
following questions: 1) What environmental and cultural variables provide the most 
explanation of land use changes? –(the why ?) 2) What locations are affected by land use 
conversions? –(the where?) 3) At what rate does land use changes increase? –(when?) 
(Lambin, Rounsevell, & Geist, 2000). A prerequisite to the development of realistic 
models of land-use change is the identification of the most important drivers of change 
(Veldkamp & Lambin, 2001). A related issue is how best to represent these drivers in a 
model. The complicated nature of land-use systems calls for multidisciplinary analyses. 
Most prior efforts aimed at modeling land-use change have focused primarily on the 
biophysical features of land such as altitude, slope or soil type, given the good 
availability of such data (Veldkamp & Lambin, 2001).  
 The inclusion of a wide range of socio-economic factors of change is, however, 
required (Turner II et al., 1995). A majority of research emphasizes the great role of 
policies in driving land-use changes (Lambin et al., in press), for example, international 
environmental treaties may cause significant future land use changes. The fusion together 
of social, political and economic factors is however disrupted by the lack of spatially 
explicit data and by methodological difficulties in linking social and natural data 
(Veldkamp & Lambin, 2001). For instance, the relevant spatial units for biophysical 
processes may very well be totally different from the spatial units of the decision-making 
by landowners. Using proxy variables that are easier to measure spatially (e.g distance) in 
place of deeper driving forces (e.g influence of market) is common. When this shift from 
the actual forces to proximate causes is made for data convenience sakes, causality might 
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be obscured in the outcomes of these studies. Land use modifications, such as those 
related to changes in cropping patterns, input use or tree density of forests, also need to 
be considered in addition to the more easily measurable land-cover conversions 
(Veldkamp & Lambin, 2001). Moreover, models on land use conversion need to factor in 
the endogeneity of variables, including infrastructures, land management or land-use 
policies. (Veldkamp & Lambin, 2001). 
 Modeling in different disciplines take two basic forms: namely, process-based (or 
structural) models or statistical (or reduced form) models. Whereas models of the first 
category possess better theoretical foundation, the second group of models is easier to 
implement. Nevertheless, these groups of models are very complementary in their use. 
For instance, process-based models are useful for hypothesis formulation and 
determination of appropriate variables to be used in a reduced form model. Reduced form 
models allow for testing hypothesis under limited data situations. Most studies that have 
employed statistical models in modeling land use change often rely implicitly on the 
assumption that the process of land-use change is stationary. Process-based models on the 
other hand deal with fundamental changes in driving forces or processes through time 
related to a transformation in system properties (Veldkamp & Lambin, 2001). It is 
important to note that such shifts in system behavior may occur once a particular 
threshold is hit or can be motivated by specific events, which could be socio-economic 
(e.g. technological innovation, war, economic crisis) or biophysical (e.g. drought, 
hurricanes, floods)  
 There exist a variety of models that can be used to depict decision-making 
processes by actors. Great knowledge of the economy is critical to employing such 
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models. In recent times economists have developed models on land use change to factor 
in spatial heterogeneity and widened the objective function of landowners from 
maximizing profit to maximizing utility involving multiple uses of land (Irwin & 
Geoghegan, 2001). Due the increasing availability of cellular automatic methods and 
techniques, behavioral models on land-use decisions by agents can be made spatially 
explicit. Other research studies have stated that spatially explicit data on land-cover 
produced using remote sensing are directly connected to household survey data at a close 
spatial resolution using geographic Information Systems (Geoghegan, et al., 2001; 
Serneels & Lambin, 2001; Nelson, 2001; Schneider & Pontius Jr., 2001).  
 Kaufmann and Seto, (2001) reports that a time series analysis of remote sensing 
data with a high frequency allow prediction of the timing of transformations to land-use 
changes. The hierarchical relations among factors propagating land use change does 
cause spatial dependency, and hence auto-correlation between observations and may 
therefore require a careful implementation of statistical data analysis procedures.  
2.6 Literature Gap 
 The literature is less helpful regarding explaining the possible links that may exist 
between the drivers of land use change. Studies that looked at drivers of land use change 
in isolation or jointly reported that a host of drivers are relevant; so many that is has 
become problematic to actually decipher which ones are the most important, and which 
ones are less important. For the most part this problem can by linked to the nature of 
methods, statistical procedures and queries employed to determine producer perceptions. 
To overcome this problem of past research, this study uses responses from an 
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independent survey to tease out those drivers of the land use change that are most 
important to producers.  
 Past studies have also done little to investigate opinions of farm operators 
regarding the evolution on agriculture and their perceptions and proposed adaptation 
strategies to climate change and its influence on agriculture. This study has been designed 
to address all of these issues. 
2.7 Conceptual framework 
 In simple terms a conceptual framework deals with logically linking the 
components of a research design usually presented in graphical or narrative form. This 
study adopts a framework (see fig.271) proposed by Hennessy, 2014, which is germane 
to the central purpose of the study. The figure provides a schematic of direct and indirect 
impacts on an agro ecosystem. The green box on the left side contains change drivers of 
land use. Outcomes on the right-side orange boxes include such items as the composition 
of agricultural outputs and ecosystem outputs. The green and orange boxes are connected 
both directly and indirectly. In this study, we investigate how these drivers jointly affect 
land use change decisions in the Dakotas, consequently determining the production and 
agro ecosystem in the area. Achievement of this major goal is further enhanced by the 
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Fig. 2.7.1 Flowchart of conceptual framework 
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CHAPTER THREE 
Methodology 
3.1 Introduction  
 The data obtained from the producer survey is analyzed using quantitative and 
qualitative approaches in line with the research goals outlined in chapter one. In this 
methodology, the necessary procedures and approaches used in this research are 
discussed. A breakdown of the methodology includes: the research design, population, 
sample and sampling procedure, instrumentation and data collection, and data analysis 
procedures. The details of each of these are discussed below.  
3.2 Research Design 
  Two research designs are used in this study; a descriptive or survey research 
design and a prospective or correlational research design. Under the descriptive design, 
responses on subjects and questions from the survey are used to provide explanation and 
or description of perceptions/opinions concerning land use change. Even though some 
people regard the descriptive design as not good enough and mere description, very good 
basic descriptions have contributed invaluable knowledge about the nature of many 
phenomena in society (https://www.nyu.edu/classes/bkg/methods/005847ch1.pdf). For 
instance, most government-sponsored research such as population census and data 
involving a wide range of social indicators such as unemployment, crime statistics, and 
household expenditure patterns are results of descriptive research.  
 The correlational design approach used in this study involves the use of a 
systematic investigation procedure to study the relationship between the main drivers of 
land use change in the Dakotas with less emphasis on what causes the factors themselves. 
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 One advantage of using this method is that empirical models are employed allowing a 
much more explicit comprehension of possible relationship among variables in the 
model. 
3.3 Qualitative versus Quantitative Research Methods  
 It is wrong to equate a research design to quantitative and qualitative methods of 
research. The basic difference between the two is that, whilst a research design refers to 
the entire logical structure of an inquiry, qualitative and quantitative methods typically 
concern the type of data and analysis approach used in research. Failing to realize this 
distinction may result in poor evaluation of designs.  
 The methodological justification for employing both quantitative and qualitative 
methods in this research is to compensate for the weakness of each approach. A brief 
discussion of each of the two methods in the context of this work is presented below. 
 First, the quantitative approach enabled the research to model the relationship 
between relevant variables thus providing a better insight into the course pursued in this 
work. Put in perspective, to better understand the individual and joint effects of the 
drivers of land use change, explicit models such logistic regressions are useful in 
explaining how change in each factor as well as the joint factors contribute to predicting 
particular farm operator decisions regarding land use. 
 A qualitative approach on the other hand is useful in ascertaining information on 
phenomena that are difficult to quantify. Thus opinions and perceptions of subjects in this 
case, farm operators are collected and analyzed. This approach is often very useful in 
survey research because of its complementary nature to the quantitative methods in such 
studies. 
28	  
3.4 Geographical area considered in this research 
The scope covered in this research includes only the heighted counties on the 
maps below. A complete list the counties are presented in table 3.4.1 below. 
Figure 3.4.1a Map of North Dakota showing locations of sampled counties 
Figure 3.4.1b Map of South Dakota showing locations of sampled counties 
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Table 3.4.1 List of Sampled Counties by State 



























































3.5 Sample Design 
 
 The survey project from which data were collected for this research study was 
designed to be representative of crop farmers in a specific area in the eastern Dakotas, 
including 37 counties in South Dakota and 20 counties in North Dakota. These counties 
are located in the Prairie Pothole regions of both states and are located where corn or 
soybeans is more important than wheat or any small grains from an acreage standpoint.  
To be included in the sample, farmers were required to operate a minimum of 100 acres 
and to raise at least some wheat, corn, soybeans, or grass/hay.  The sample was purchased  
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from Survey Sampling International (SSI), and was obtained from their highest quality 
farm-sampling frame, which is based primarily on government reporting and other 
voluntarily provided land and crop ownership information.  It was selected by SSI to be 
proportional by county, so that counties with more eligible farms would have 
proportionately more farmers in the sample than counties with fewer eligible farms.  The 
sample included 3000 names and mailing addresses with county, latitude and longitude of 
the primary farm location, primary crop, and estimated crop acreage for each.  SSI billed 
SDSU directly for the sample cost.   
 Eligible participants included farm owners/operators involved in making 
decisions about land use.  That level of farm involvement was not absolutely identifiable 
through the sample but was addressed in the cover letter and survey.  Farmers technically 
retired but still making land use decisions were eligible for the study, while retired 
farmers who rented out their agricultural land and were not involved in land use decision 
making were ineligible. 
 It was estimated that up to 15% of the sample cases could be ineligible, primarily 
retired farmers.  If so, 900 completed surveys would result in a response rate of 35.3% 
(900/2550); 1000 completed surveys would result in a response rate of 39.2% 
 (1000/2550).   
3.6 Data Collection Procedures 
 The Iowa State University’s Survey & Behavioral Research Services (SBRS) unit 
collected data for this research. This research unit was contracted to conduct a mail 
survey with farmers in North and South Dakota focusing on changes in agricultural land 
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use.  This survey was part of a larger research effort involving researchers at both Iowa 
State University and South Dakota State University.    
 The principal investigators in cooperation with SBRS staff developed the survey 
used for the study.  It consisted of an 8-page booklet with approximately 100 questions.  
The survey included questions related to the farmer’s current land use, such as number of 
acres planted in wheat, corn, soybeans, and alfalfa.  It addressed recent changes in the use 
of grassland and CRP ground as well as opinions about the causes of such changes in the 
respondent’s farm operation and in their local area.  Additional questions focused on the 
future of agriculture in the next 10 years.  Selected farmer demographic questions were 
also included.  Appendix I contains a copy of the survey instrument. 
 SBRS staff drafted a cover letter and reminder postcard in collaboration with the 
principal investigators.  The letter was printed on South Dakota State University 
letterhead and signed by both Dr. Larry Janssen and Dr. David Hennessy.  It explained 
the purpose of the study, requested the farmer’s participation, and assured complete 
confidentiality of all information provided.  The SBRS toll-free phone number was also 
included so that sampled farmers could call to ask questions or express concerns about 
the project.  The required approval of the Iowa State University Institutional Review 
Board was obtained by SBRS on February 27, 2015.   
 It was assumed that envelopes with the South Dakota State University logo and 
mailing address would be more likely to be opened by Dakota farmers than envelopes 
with an Iowa State University address, so the outgoing envelopes were printed and 
provided to SBRS by South Dakota State University.  Other project materials, including 
the surveys, were printed and the survey packets prepared for mailing by SBRS.  Return 
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envelopes were addressed to Iowa State University to expedite the processing of 
completed surveys.   
 The first survey mailing was sent to the 3000 sampled farmers on March 2, 2015.  
Each survey packet contained a cover letter, the survey booklet, a $2 bill cash incentive, 
and a postage paid return envelope.  A reminder postcard with a small replica of the 
survey’s cover picture was sent to the full sample about 8 days later, and a second 
complete mailing of the survey was sent to 2,108 non-responders on March 24.  There 
were no incentives included with the survey re-mail.   
 A total of 1,050 completed surveys were received during the data collection 
period, from March 6 through May 11. Most of these surveys were useable for analysis 
purposes. SBRS staff monitored and recorded the receipt of completed surveys.  The US 
Post Office returned to SDSU surveys that were marked as undeliverable or whose 
intended recipients were temporarily away, based on the return address on the mailing 
envelopes.  SDSU staff notified SBRS of the undeliverable returned packets so that 
records could be updated.  “Temporarily away” was an unfamiliar classification for 
SBRS.  An investigation indicated that individuals at those addresses were away for an 
extended period and, even though the survey packets were sent first class, the local Post 
Offices did not think the project envelopes warranted forwarding.  As a result, SBRS kept 
those cases in the active sample and sent a second survey packet in the event that the 
farmer may have returned home.   
 When the data collection window ended, SDSU shipped the undeliverable packets 
to Iowa State University so SBRS could remove the $2 bills and reconcile the incentive 
account.  Completed surveys were edited and coded by SBRS staff.  Coded surveys were 
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key entered using a double entry verification system, and the resulting data set was 
checked for errors and cleaned.  Open-ended text was entered into a separate worksheet 
for delivery. The final Excel spreadsheet was then acquired and analyzed using SAS 
programing. 
3.7 Survey Outcomes and Response Rates. 
 The survey response is shown in the table 3.6.1 below.  The sample consisted of 
3000 farmers.  A total of 96 cases (3.2% of 3000) were classified as Not Eligible based 
on information received primarily from phone calls or blank surveys returned with notes.  
Cases with survey packets marked as “deceased” were also classified as ineligible.  This 
resulted in an eligible sample of 2904 farmers.  The number of ineligible cases was much 
lower than expected. 
 There were 107 cases with survey packets returned to SBRS by USPS that were 
marked as “temporarily away” or “return to sender.”  These were not considered 
ineligible because there could still be active farmers living at those addresses, so they 
were classified as “returned by USPS.”  Those 107 cases comprise 3.7% of the eligible 
sample (107/2904).   
 Refusals were received from 50 people (1.7% of the eligible sample), either by 
phone calls or blank surveys returned with notes.  The largest portion of the sample, 
1690, did not respond at all.  Non-responders comprise 58.2% of the eligible sample 
(1690/2904).  In addition, there were 7 farmers (0.2% of the eligible sample) who 
returned their surveys with just a small number of questions completed.  These partial 
surveys were not sufficiently complete to be of use and were not included in the data file.   
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Finally, an additional 24 surveys (0.8% of the eligible sample) that were largely 
completed were deleted from further analysis for various reasons, primarily due to their 
major farm operations located in another state or outside adjacent counties in the study 
region. 
 A total of 1026 completed useable surveys were received, with 342 from North 
Dakota and 684 from South Dakota. These completed surveys included 8 producers 
reporting that their major operations were located in a county adjacent to the study 
region. These counties Hutchinson, Turner, Lincoln, and Stanley counties in South 
Dakota, and Benson, McHenry, and Mclean counties in North Dakota. 
  Response rates are calculated as a ratio of the completed surveys to eligible 
sample.  The response rate is 29.9% in North Dakota and 38.8% in South Dakota.  The 
overall response rate is 35.3% (table 3.7.1). 
Table 3.7.1 Number of sampled cases by outcome disposition and response rates. 
 North Dakota South Dakota 
Total 
(20 Counties) (37 Counties) 
Sample 1182 1818 3000 
   Not Eligible     38    58    96 
Eligible Sample 1144 1760 2904 
   Returned by USPS    55    52   107 
   Refused    16    34    50 
   
 No Response 
 




   Partial and unusable    14    17 31 
   Completed   Surveys 342 684 1026 
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3.8 Data Analysis Procedures 
 In this section, the methods and procedures used in analyzing the collected survey 
data are discussed. The discussion is presented in four sub-sections.  
3.8.1 Analysis procedures for farm/ranch operator demographic information  
Basic frequency analyses were performed on the demographic characteristics of the 
survey respondents. Table 3.8.1 below provides a list of question numbers in the survey 
questionnaire for which frequency analyses were performed. Refer to appendix I for a 
copy of the survey questionnaire.  
Table 3.8.1 List of farm/operator demographic variables 




Highest education completed  21 
Principal Occupation 22 
Time as farm operator on current farm/ranch 1 
Gross farm/ranch sales in a typical year 23 
Ownership status of land operated in 2014 4 
 
3.8.2 Analysis procedures for first research objective: 
 The first objective of this study was to determine the main motives of land use 
change in the Dakotas by investigating individual and joint effects of external drivers of 
land use change on producers’ decisions. Table 3.8.2 highlights the specific questions in 
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Table 3.8.2 Survey questions used for analysis of research objective one 
Brief description of question Question number in 
survey questionnaire 
Farm-related issue with the greatest impact on 
producers’ own land use. 
10b 
How much the farm-related issue impacts on 
producers’ own land use. 
10a 
If respondent increased corn and/or soybean acres 
compared to other crops in the past ten years 
8b 
If respondent increased the proportion of wheat 
acres compared to other crops in the past ten years  
8d 
If respondent converted native grassland to 
cropland in the past ten years 
9 
If respondent converted tame grassland to cropland 
in the past ten years 
9 
If respondent converted CRP land to cropland in 
the last ten years 
9 
 
 To analyze the first objective, a frequency analysis was first run on question 10b 
as noted in table 3.8.2 above.  The frequencies were then ranked from highest to lowest. 
The highest rank was 1 and the lowest was 10. A rank of 1 implied that the corresponding 
farm-related issue was indicated by the most people as the one with the greatest impact 
on producers’ own land use decisions, whereas a rank of 10 implied that the 
corresponding farm-related issue was indicated by the fewest people as having the 
greatest impact on land use decisions. Both the frequency analysis and rankings were 
organized by state. 
   Next, a chi-square test for association was performed on the farm-related issues 
ranked as the top five against questions 8b, 8d and 9. The idea was to assess the degree of 
association between the top five factors outlined as the ones with the greatest impact on 
producers’ land use decisions and actual land use and cropping decisions made by 
producers in the past ten years. In all, 25 chi-square tests were performed.  
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 From the chi-square test results, four logistic regression models were built based 
on statistically significant relationships discovered. The logistic regression was aimed at 
further investigating how reliable each farm-related issue is in predicting actual land use 
decisions. The logistic regressions variables are shown in tables 3.8.3 and 3.8.4. 
Table 3.8.3a Dependent variable list 
Variable description Representation 
If respondent increased the proportion of their corn 
and /or soybean acres compared to other crops 
over the past ten years  
IPCSA 
If respondent increased the proportion of wheat 
acres compared to other crops over the last 10 
years  
IPWA 
If respondent converted native grassland to 
cropland in the past 10 years  
CNgCl 
If respondent converted CRP land to cropland 
acres in the last 10 years  
CCRPCl 
 Note: each variable described in the table is dichotomous, thus takes on a “yes or no” response 
Table 3.8.3b Independent variable list 
Variable description Representation 
Changing crop prices  CCP 
Changing prices in input markets CPIM 
Improved crop yields  ICY 
Development of more efficient cropping 
equipment 
DECE 
Changing weather/climate patterns CWCP 
State State 
Note: the Independent variables are all categorical with response categories; “Great impact”, “Some 
impact” and “No impact”, the variable State is categorized as North Dakota and South Dakota. 
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3.8.3 Specification of Models 
If π is the probability of a respondent answering yes to a question on the dependent 
variable list, the odds in favor of a ‘yes’ are π/(1-π). Logistic regression models describe 
the linear relationship between the logit, which is the log of odds, and the set of 
predictors. Four logistic regressions are performed in this research as specified below. 
Model 1. Logit (π) = log (π/(1-π))= IPCSA = b0  + b1 CCP + b2 CPIM  + B3ICY +  
b4 DECE +b5 CWCP + b6 State 
Probability modeled is IPCSA=yes (1) 
 
Model 2: IPWA = b0  + b1 CPIM + b2 CWCP +b3 State 
Probability modeled is IPWA=yes (1) 
 
Model 3: CNgCl = b0  + b1 CCP + B2 ICY + b3 DECE +b4 State 
Probability modeled is CNgCl =yes (1) 
 
Model 4: CCRPCl = b0  + b1 CCP + B2 ICY + b3 DECE + b4 state 
Probability modeled is CCRPCI =yes (1) 
 
 Much like a multiple linear regression, logistic regression models also produce 
beta values or coefficients for the predictor or independent variables. However, beta 
values of logistic regression are interpreted differently from multiple regression 
coefficients. Understanding how to interpret logistic regression coefficients largely 
depends on the understanding of the concept of odds ratios.  In simple terms, the odds 
ratio of an event is the probability of that event occurring divided by the probability of its 
failure. For instance, if A is an event whose outcome is dichotomous with say yes/no 
response and if P(A) is the probability of a “yes” response to A, then the odds of A is 
given by odds =  P(A)/1-P(A). The odds ratio value is less than one when the odds of the 
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target event is less likely than the other event, a value of one will mean both events are 
likely and greater than 1 when the target event is more likely.  
 The logistic regression output in this research was centered on the likelihood ratio 
test, the Nagelkerke R-square, the type 3 analyses of effects and the odds ratio estimates. 
Details of the four models and the various outputs are discussed in chapters 4 in the 
context of the actual results. 
3.8.4 Analysis procedures for second research objective: 
 The number two goal of this research work is to examine recent and projected 
agricultural land use patterns in the Dakotas. As an approach used in this section, refer to 
the table 3.8.4 for the specific survey questions used to accomplish this research goal, 
which precedes the analysis procedure discussion in this section. 
Table 3.8.4 Survey questions used in analysis of research objective two 
Brief description of question Question number in 
survey questionnaire 
Number of farmland acres by categories 3a,b, c, &d 
Number of acres harvested in 2014 and yield on 
non-irrigated land  
6 
Number of cropland and pasture/range land acres 
operated in 2014 relative to ten years ago 
5a,b 
 Cropping decisions over the last decade  8a,b, c, d, e, f, g & h 
Acres of native, tame and CRP land converted to 
cropland over the last decade 
9 
Projected land use changes over the next 10 years 11 
Local area land use changes  15 check box 
Farm-related issue with the greatest impact on land 
use change in local area 
15b 
Changes in grassland and cropland in local area 
over the past ten years 
14a 
Expected changes in grassland and cropland in 
local area over the next ten years 
14b 
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 Responses to the questions on table 3.8.4 were analyzed and reported as bar charts 
and summary statistics including: totals, minimum and maximum values, means and 
standard deviations. These summary measures were used to explain the distribution 
numerical estimates supplied by respondent on farmland acres of various kinds.  
Summary statistics were reported both at the state level and the regional level (see table 
3.8.5 below for regional demarcations). The regional groupings for counties in South 
Dakota were largely based on NASS’ crop-reporting district groupings with Charles Mix 
and Douglas counties added to the Central region, whilst that of the North Dakota was the 
researcher’s own split of counties into East versus Central in a literal manner (by just 
moving down the map and splitting it into Central versus East). For convenience sake, 
North Central South Dakota, Central South Dakota and Central North Dakota are referred 
to as the Central Regions in this study, whilst North East South Dakota, East Central 
South Dakota and East North Dakota are referred to as the Eastern Regions. 
 Four measures of proportion are also calculated to examine different proportions 
of grasslands and CRP lands converted to cropland in ND and SD over the last decade by 








	   41	  
Table 3.8.5 County Groupings by Region  
South Dakota North Dakota 

































































































Table 3.8.6 Measures of grassland and CRP land to cropland conversion rates 
Proportion of total grassland acres (excluding CRP) converted to cropland (2004-2014) / 
Total cropland (excluding CRP) acres operated in 2014 
Proportion of total grassland acres (excluding CRP) converted to cropland in (2004-2014) 
/ total acres of cropland owned by producers who converted grassland to cropland in 
(2004-2014)  
Proportion of total acres of CRP land converted to cropland (2004-2014) / total acres of 
CRP land in 2014 
Proportion of total acres of CRP land converted to cropland (2004-2014) / total acres of 
CRP land owned by producers who converted CRP land to  crop land in (2004-2014)  
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3.8.5 Analysis procedures for third research objective: 
 The third objective of this research was to analyze personal views on the 
evolution of agriculture in farm/ranch operators’ local area. Table 3.8.7 shows the list of 
question numbers in the survey questionnaire that were used to accomplish this objective. 
On this objective, responses to relevant questions were analyzed and presented in tables 
and bar graphs and discussed appropriately. 
Table 3.8.7. Survey questions used in analysis of research objective three 
Brief description of question Question number in 
survey questionnaire 
Miles, by road from operation to ethanol plant, 
grain elevator from wheat, corn and/ or soybean 
12a, b, c & d 
Farm/ranch operators’ opinions on infrastructural 
change over the past decade to support cattle, 
wheat, corn & soybeans  
13a, b, c & d 
Farm/ranch operators’ Opinions on current 
weather patterns in local area compared to ten 
years ago 
16a, b, c & d 
Farm/ranch operators’ projections on weather 
patterns in local ten years from now 
17a, b, c & d 
 
 Other supplemental analyses, descriptive statistics, graphs, tables, and charts 
pertinent to further advancing the accomplishment of the objectives of this study will be 
presented in Appendix 2,3 and 4. The main analytical tool employed in this work is SAS 
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CHAPTER FOUR 
Analysis and Discussion of Results 
4.1 Introduction 
 This chapter of the thesis presents the findings of the study in line with the study 
objectives and methodology discussed in the first three chapters. Results on the first two 
objectives are presented and discussed in this chapter, while the next chapter is devoted 
to the third objective. This chapter contains three parts––1) farm/ranch operator 4 
demographic information (section 4.2); 2) major motives of land use change in the 
Dakotas (section 4.3) and 3) farmland acres, conversion rates and opinions on patterns of 
land use change in the Dakotas (section 4.4). 
 In section 4.2, a set of response distributions on farm/ranch operator 
characteristics is presented. This section is intended to provide a general picture of the 
composition of respondents surveyed. Section 4.3 focuses on analysis of the fundamental 
motives for land use change. A fairly straightforward approach is employed in this 
section. Thus, descriptive and inferential statistics, mainly chi-square analyses are 
employed to assess associations between relevant variables, preceding more advanced 
modeling (logistic regression) that provides further explanation and insight into the 
observed relationships discussed in chapter three.  Section 4.4, the final and longest 
section of this chapter, provides discussions on farmland acres, harvested acres, yields, 
converted acres and opinions on land use patterns in the Dakotas.  
 
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
4	  The	  words”	  farm/ranch	  operators,	  respondents	  and	  producers”	  are	  used	  
interchangeably	  in	  this	  chapter	  to	  mean	  the	  farmers/ranchers	  who	  took	  part	  in	  the	  
survey	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4.2 Farm/Ranch Operator Demographic Information 
 Table 4.2.1. contains frequencies and percentages on six demographic variables 
presented by state. As already stated in chapter three, a total of 1026 usable responses 
were analyzed of which 342 (33.3%) are from North Dakota and 684 (66.7%) from South 
Dakota. Great similarities exist between the distributions of characteristics of operators in 
the two states. For instance, gender distribution is heavily skewed towards males for both 
states. The median age class in both states is 50-59 years, which probably reflects a group 
that has lots of experience in farming/ranching. Over 60% of respondents in each state 
report at least 30 years of experience in farming/ranching and nearly 87% of respondents 
in each state list farming as their principal occupation. Responses provided by this set of 
experienced producers may sufficiently reflect reality. Observe also that, more 
respondents in North Dakota completed some post high school education compared to 
their South Dakota counterparts. However, the difference in the distribution of 
educational attainment of respondents between the two states is probably not big enough 
to create any major differences in the understanding and response to the survey by state. 
Finally, distribution of responses on gross farm/ranch sale in a typical year is 
approximately normal for each of the two states with a median sales range of $250,000 to 
$499,999. Nearly two-thirds of the respondents reported gross farm sales between 
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Table 4.2.1 Summary of farm/ranch operator characteristics by State   
            ND SD Both States 
Gender Freq. % Freq. % Freq. % 
Male……………………………………………… 336 98.25 664 97.08 1000 97.47 
Female…………………………………………… 6 1.75 18 2.63 24 2.34 
Missing response………………………………… 0 0 2 0.29 2 0.19 
Age       
19-34 years……………………………………..... 26 7.69 26 3.83 52 5.11 
35-49 years………………………………………. 56 16.57 127 18.70 183 17.99 
50-59 years………………………………………. 122 36.09 216 31.81 338 33.24 
60-69 years………………………………………. 100 29.59 193 28.42 293 28.81 
70 years or above………………………………… 34 10.06 117 17.23 151 14.85 
Missing response…………………………………  4 1.15 5 0.73 9 0.87 
Highest education completed        
Less than high school……………………………. 7 2.05 22 3.22 29 2.83 
High school……………………………………… 82 23.50 239 34.94 321 31.29 
Some college/technical school…………………... 146 42.69 246 35.96 392 38.21 
4-year college degree……………………………. 88 25.26 155 22.66 243 23.68 
Advanced degree (Masters, etc.)………………… 18 5.26 22 3.22 40 3.90 
Missing response…………………………………  1 0.29 0 0.00 1 0.10 
Principal Occupation       
Farming or Ranching…………………………….. 298 87.13 601 87.87 899 87.62 
Employment in off-farm job…………………….. 22 6.43 35 5.12 57 5.56 
Own/operate a non-farm business……………….. 8 2.34 20 2.92 28 2.73 
Retired…………………………………………… 14 4.09 26 3.80 40 3.90 
Other…………………………………………….. 0 0.00 2 0.29 2 0.19 
Missing response………………………………… 0 0.00 0 0.00 0 0.00 
Time spent as farm operator on current 
farm/ranch 
      
Less than 10 years……………………………….. 25 8.65 34 5.72 59 6.68 
10 to 19 years…………………………………….  32 11.07 72 12.12 104 11.78 
20 to 29 years…………………………………….  49 16.96 94 15.82 143 16.19 
30 years or more…………………………………. 183 63.32 394 66.33 577 65.35 
Missing response………………………………… 56 16.05 95 13.79 152 14.55 
Gross farm/ranch sales in a typical year       
Less than $50, 000……………………………….. 17 5.20 26 3.99 43 4.39 
From $50,000 up to $99,999…………………….. 44 13.46 82 12.58 126 12.87 
From $100,000 up to $249,999………………….. 74 22.63 177 27.15 251 25.64 
From $250,000 up to $499,999………………….. 83 25.38 175 26.84 258 26.35 
From $500,000 up to $999,999……………… 68 20.80 120 18.40 188 19.20 
$1 million or more……………………………….. 41 12.54 72 11.04 113 11. 
Missing response………………………………… 15 4.30 32 4.64 47 4.53 
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Table 4.2.2 Ownership status of land operated in 2014 by State  
Ownership Status ND 





















Own and rent roughly equal number 








Rented most of the acres farmed, 





















Frequency Missing = 25 
Note: figures in parenthesis are percentages 
 Table 4.2.2 provides a summary of what proportions of agricultural land operated 
in 2014 were owned or rented by farm operators by state. Notice that most of the 
respondents in each state owned at least half of the land they operated. As a result 
responses on land converted and future land use plans may well be coming from people 
who actually are the absolute decision takers when it comes to land use. Also, this 
distribution further suggests that a majority of the respondents should have pretty good 
knowledge of the lands they are responding about because they owned them.  
 In summary, the discussions on tables 4.2.1 and 4.2.2 suggest that the set of 
respondents in the survey possess characteristics that most likely represent the target 
population, hence, a good chance that responses would sufficiently reflect reality. On this 
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note, the next section starts the discussions on results from the survey responses. 
4.3 Major motives of land use change in the Dakotas 
 Two simple but critical results open this section. The results on Tables 4.3.1a and 
4.3.1b form the basis of all other findings in this section. The two tables are basically the 
same in terms of content and are therefore discussed together.  
Table 4.3.1a Response distributions on the farm-related issue with the greatest 
impact on agricultural land use change by state 
Farm-related Issues: ND SD 












Availability of drought-tolerant seed…………………………………………… . 18  
(2.76) 




























Frequency Missing = 46    
Note: figures in parenthesis are percentages 
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Table 4.3.1b Rankings of farm-related issues with the greatest influence on farm 
operators’ land use change decision by state  




Changing crop prices………………………………………………….. 1 1 
Changing prices in input markets (seed, fertilizer, chemicals, etc.) 2 2 
Availability of crop and revenue insurance policies………………… 7 6 
Availability of drought-tolerant seed………………………………… 10 8 
Developments in pest management practices, including pest management 
seed traits.. 
8 7 
Improved crop yields (other than seed related traits)………………. 5 3 
Development of more efficient cropping equipment………………... 4 5 
Labor availability problems………………………………………….. 6 9 
Improving wildlife habitat……………………………………………. 9 9 
Changing weather / climate patterns………………………………… 3 4 
Note: Rankings indicate farm-related issues with greatest impact on farm operators’ land use change in the past 10 
years, down to the least, thus a rank of 1=greatest impact and a 10=least impact.  
 From Table 4.3.1a, a majority (58.8%) of the 328 ND producers and nearly 44% 
of the 652 SD producers in the survey indicated changing crop prices as the factor with 
the greatest impact on their own land use decisions over the last decade. This simple 
result is in direct agreement with an earlier argument by Wright & Wimberly (2013), who 
attributed the rise in cropland acres in the Dakotas in recent years to major increases in 
crop prices. Changing prices in input markets was listed as the second driving force 
affecting producers’ land use decisions in both states. This puts price motive as the 
biggest force driving land use decisions in the Dakotas, at least over the last decade. 
Surging crop prices make crop production more profitable and attractive to producers. To 
increase crop production in order to take advantage of the price situation, more resources 
such as land are required. However, with land limited in supply, land used for other 
purposes gets switched to crop production land.  
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 Because the results in Table 4.3.1b are the same as those in table 4.3.1a, only 
clearer, we turn to the former. From table 4.3.1b, it is easy to see that the differences that 
exist in the ranking of farm-related issues between the two states following the first and 
second places, is little. For instance changing climate and weather patterns was ranked 
higher in ND than it was in SD. This means that relative to SD, changing climate and 
weather patterns has more impact on agricultural land use decisions in ND. Also, 
improved crop yields and development of more efficient cropping equipment were 
ranked high and closely in between the states in a flipped fashion. Both improved crop 
yields and development of more efficient cropping are results of technological 
improvement, thus the effect of technological advances on land use decision in the 
Dakotas is great. This result corroborates the finding of Claassen, Carriazo, & Ueda 
(2010) and Yu and Babcock (2010); Tollefson (2011) report that development in new 
technology has made crop production more efficient and profitable in the U.S. in recent 
years. 
  The availability of drought-tolerant seed and development of pest management 
practices both resulting from improved research methods did not seem to be major factors 
for farmers in either state when it comes to changing their land use. Labor availability 
problems, availability of crop and revenue insurance policies and wildlife habitat 
improvement reasons were indicated to have relatively low impacts on land use decisions 
by farmers in the Dakotas. 
 In summary, changing crop prices (CCP), changing prices in input markets 
(CPIM), Improved crop yields (ICY), development of more efficient cropping equipment 
(DECE), and changing weather and climate patterns (CWCP) were listed by respondents, 
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as the top five farm related issues with the greatest impact on changes producers made to 
their own land use.  
 Proceeding with the results above, I investigated the connections between 
producers’ land use and cropping decisions in the past ten years and the five main factors 
listed by producers as the ones with the most impact on land use decisions, using chi-
square analysis. To this end, the chi-square tests of association were performed on 
producers’ responses to two cropping decision questions, and three land conversion 
questions. The two cropping decision questions demanded responses on 1) if producers 
had increased the proportion of corn and /or soybean acres compared to other crops in the 
last ten years (IPCSA)? And 2) if they increased the proportion of wheat acres compared 
to other crops in the last ten years (IPWA)? The three land conversion questions 
however, were, 1) if producers converted any native grasslands to cropland in the last ten 
years (CNgCl)? 2) Converted any tame grassland to cropland in the last ten years 
(CTaCl)? And 3) if any CRP land was converted to cropland in the last ten years 
(CCRPCl). 
  Tables 4.3.2a and 4.3.2b contain the list of only the statistically significant chi-
square results tested at the five percent level of significance (see appendices II and III for 
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Table 4.3.2a Statistically significant chi-square test results for association between 
cropping decisions over the past ten years and the top five farm-related issues with 
the greatest impact on LUC by state 
 ND SD Both States 
 Chi-Squ. Value P-value Chi-Squ. Value P-value Chi-Squ. Value P-value 
 IPCSA vs. CCP 46.1187 <. 0001 41.3974 <. 0001 97.6046 <. 0001 
 IPCSA vs. CPIM  30.6123 <. 0001 26.0300 <. 0001 59.0225 <. 0001 
 IPCSA Vs. CWCP 8.7225 0.0684 9.5674 0.0484 20.7038 0.0004 
 IPCSA vs. DECE 26.3298 <. 0001 19.3040 <. 0007 47.5414 <. 0001 
 IPCSA vs. ICY 30.2401 <. 0001 26.4962 <. 0001 52.3949 <. 0001 
 IPWA vs. CPIM 3.4254 0.4893 13.5786 0.0088 11.7808 0.0191 
 IPWA vs. CWCP 7.0826 0.1316 15.4414 0.0039 12.0062 0.0173 
 
Table 4.3.2b Statistically significant chi-square test results for association between 
lands converted over the past decade and the top five farm-related issues with the 
greatest impact on LUC by state 
 ND SD Both States 
 Chi-Squ. Value P-value Chi-Squ. Value P-value Chi-Squ. Value P-value 
 CTgCl vs. CCP 7.7064 0.1029 13.8878 0.0077 13.1127 0.0107 
 CCRPCl vs. CCP 7.8700 0.0965 11.1962 0.0244 19.4808 0.0006 
 CNgCl vs. DECE 14.8289 0.0051 27.0007 <. 0001 36.8335 <. 0001 
 CCRPCl vs. DECE 15.2917 0.0041 13.7288 0.0059 29.3116 <. 0001 
 CNgCl vs. ICY 3.9590 0.4116 20.4697 0.0004 22.5712 0. 0002 
 CCRPCl vs. ICY 10.3231 0.0353 9.2572 0.0550 18.9125 0.0008 
 
 Two assertions can be made from the chi-square tests above. First, the tests 
provide evidence of how some land use and cropping decisions in the last ten years 
significantly connect with changes in some farm-related issues. Secondly, from the 
results, four distinct potential multivariate linear connections between the variables used 
in the chi-square tests based on the significant p-values under the columns headed ‘both 
states’ can be suggested. These linear connections include:  
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1) Response on increased proportion of corn and/ or soybean bean acres (IPCSA)? 
as a dependent variable on; changing crop prices (CCP), changing prices in input 
markets (CPIM), Improved crop yields (ICY), development of more efficient 
cropping equipment (DECE) and changing weather/ climate patterns (CWCP) as 
independent variables (i.e. IPCSA = CCP, CPIM, ICY, DECE, CWCP);  
2)  Response on increased proportion of wheat acres (IPWA)? as a dependent  
variable on; changing prices in input markets (CPIM), changing weather/climate 
patterns (CWCP) as independent variables (i.e. IPWA=CPIM, CWCP); 
3) Response on conversion of native grassland to cropland (CNgCl)? as a dependent 
variable on;, changing crop prices (CCP), Improved crop yields (ICY) and 
Development of more efficient cropping equipment (DECE) as right side 
variables (i.e. CNgCl=CCP, ICY, DECE) and finally; 
4) Response on conversion of CRP land to cropland (CCRPCl)? as a dependent 
variable on;, changing crop prices (CCP), Improved crop yields (ICY) and 
Development of more efficient cropping equipment (DECE) as independent 
variables (i.e. CCRPCl=CCP, ICY, DECE).   
Direct logistic regressions were performed on the four suggested models through 
SAS PROC LOGISTIC to further assess prediction land use and cropping 
decisions on the basis of the extent to which the various farm-related issues 
influenced producers. The logistic regression results for the four models are 
presented in Tables 4.3.3a through 4.3.6b below. 
Model 1: logit (π) = log (π/(1-π))= IPCSA = b0  + b1 CCP + b2 CPIM  + B3ICY +  
b4 DECE +b5 CWCP + b6 State 
Probability modeled is IPCSA=yes (1) 
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Table4.3.3a Type 3 Analysis of Effects for Model 1 
Type 3 Analysis of Effects 
Effect DF       Wald Chi-Square Pr. > Chi. Square. 
CCP 2 22.6229 <. 0001 
CPIM 2 0.5434 0.7621 
ICY 2 6.3498 0.0418 
DECE 2 6.7667 0.0339 
CWCP 2 3.1896 0.2029 
State 1 53.3468 <. 0001 
Significance level 5% 
 A test of the full model with the all six predictors against a constant only model 
was statistically reliable (χ2 =169.7620, df=11, P <. 0001) indicating that the predictors as 
a set reliably distinguished between producers who answered ‘yes’ to increasing the 
proportion of corn and/or soybean acres over the past 10 years compared to other crops 
and those who answered ‘no’. The variance in producer response to IPCSA accounted for 
by the model was relatively low (Nagelkerke R2 = 0.2180), indicating 22% of shared 
variance between response to IPCSA and the set of predictors. Thus the gain in prediction 
is fairly low, however, we leverage on the possibility of getting high connections between 
individual predictor variables and the dependent variable.  
 Table 4.3.3a shows the type 3 analysis effects of the logistic regression. 
According to the Wald test, changing crop prices (CCP) (χ2 =22.6229, df=2, P <. 0001) 
increased crop yield (ICY) (χ2 =6.3498, df=2, P =0.0418), Development of more efficient 
cropping equipment (DECE) (χ2 =6.7667, df=2, P=0.0339) and State (respondents’ 
origin) (χ2 =53.3468, df=1, P <. 0001) reliably predicted producers’ response to IPCSA 
suggesting that changing prices in input markets (CPIM) (χ2 =0.5434, df=2, P =0.7621) 
and changing weather/climate patterns (CWCP) (χ2 =3.1896, df=2, P =0.2029) are not 
significant predictors when effects of CCP, ICY, DECE and state are controlled for. 
 
	   54	  
Table4.3.3b Odds Ratio Estimates for Model 1 
 
Odds Ratio Estimates 
Effect Point Estimate               95% Wald Confidence Limits 
CCP Great Impact vs. Some Impact 2.212 1.551 3.155 
CCP No Impact    vs. Some Impact 0.682 0.361 1.290 
CPIM Great Impact vs. Some Impact 1.054 0.738 1.506 
CPIM No Impact    vs. Some Impact 0.797 0.406 1.563 
ICY Great Impact vs. Some Impact 1.556 1.103 2.196 
ICY No Impact    vs. Some Impact 1.105 0.608 2.008 
DECE Great Impact vs. Some Impact 1.000 0.706 1.417 
DECE No Impact    vs. Some Impact 0.527 0.323 0.860 
CWCP Great Impact vs. Some Impact 0.887 0.621 1.268 
CWCP No Impact    vs. Some Impact 1.313 0.906 1.902 
State North Dakota vs. South Dakota 3.053 2.263 4.119 
Note: the omitted variable is “some impact” 
Table 4.3.3b above gives the logistic regression coefficients presented as odds ratios. 
Odds ratios are obtained when the coefficients (b-values) of the logistic regression 
calculated as exponents of the exponential function (i.e. eb) (refer to chapter 3 for 
explanation of odds ratios). Odds ratios can be interpreted as the multiplicative change in 
the odds for a one-unit change in the predictor variable. In the context of the results of 
table 4.3.3b, the first value of 2.212 under the column headed ‘point estimate’ would 
mean that rating CCP as a farm-related issue with great impact on a producer’s own land 
use versus rating it as one with some impact, increases the odds of answering ‘yes’ to 
IPCSA by 2.212. In general, if the point estimate (odds ratio) is greater than 1, then it 
indicates that as the predictor variable increases by a unit, the odds of the dependent or 
outcome variable occurring increases. On the other hand, a point estimate less than 1 
would indicate that as the predictor increases by a unit, the odds of the dependent variable 
or outcome occurring decreases. 
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 The 95% Wald confidence limits in simple terms means that if we ran 100 
experiments and try to work out the confidence limits for the value of the point estimates 
for the 100 experiments, 95 of the experiments would include the actual value of the 
point estimate rather than the sample value. To interpret the 95% confidence limits, we 
note that intervals that include 1 indicate that the point estimate or odds ratio for that 
particular predictor is not very reliable. In other words, the odds ratio for the sample may 
be quite different from those of the entire population. Put in perspective, the odds ratios 
of the variable CPIM and CWCP may not be very reliable since their 95% Wald 
confidence limits cross 1. 
Model 2: IPWA = b0 + b1 CPIM + b2 CWCP +b3 State 
Probability modeled is IPWA=yes (1) 
Model fit statistics: Likelihood Ratio test (χ2 =123.7535, df=5, P <. 0001) Nagelkerke R2 
=0.1565 
The Likelihood Ratio test for model 2 suggests that the model as a whole is significant, 
meaning changing prices in input markets (CPIM) together with changing climate and the 
State variable contributed to separating respondents who answered ‘yes’ from those who 
answered ‘no’ to IPWA. The model however only explains about 16% of shared variation 
in IPWA based on the Nagelkerke R2 of 0.1565.   
Table 4.3.4a Type 3 Analysis of Effects for Model 2 
Type 3 Analysis of Effects 
Effect DF Wald Chi-Square Pr. > Chi-Square 
CPIM 2 38.2530 <. 0001 
CWCP 2 0.0706 0.9653 
State 1 60.1381 <. 0001 
Significance. level 5% 
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 The results in table 4.3.4a shows that both changing prices in input markets and 
state are reliable predictors of producers’ response to IPWA. Changing weather/ climate 
patterns however, was not a reliable predictor of producers’ response to IPWA. 
Table 4.3.4b Odds Ratio Estimates for Model 2 
Odds Ratio Estimates 
Effect Point Estimate        95% Wald  Confidence Limits 
CPIM Great Impact vs. Some Impact 1.825 1.361 2.448 
CPIM No Impact    vs. Some Impact 0.404 0.252 0.648 
CWCP Great Impact vs. Some Impact 1.045 0.745 1.466 
CWCP No Impact    vs. Some Impact 1.025 0.729 1.442 
State North Dakota vs. South Dakota 3.120 2.340 4.160 
Note: the omitted variable is “some impact” 
 Table 4.3.4b contains the odds ratio estimates for model 2. The point estimate of 
1.825 indicates that the odds of a producer giving a yes response to IPWA is increased by 
1.825 if the producer rated CPIM as a farm issue with great impact in land use versus 
some impact. In the same way, the point estimate of 3.120 would mean that the odds of 
responding a ‘yes’ to IPWA are increased by 3.120 if a respondent is from ND versus if 
they were from SD. The ratios for CPIM and CPIM are also statistically significant since 
their 95% Wald confidence limits do not include 1. Notice that the two odds ratios for 
CWCP are greater than 1 meaning the odds of answering a yes to IPWA are increased if 
the producer rated CWCP as having great impact or even no impact versus some impact, 
however both of these ratios are not very statistically significant because their 95% Wald 
confidence limits include 1. 
Model 3: CNgCl = b0 + b1 CCP + B2 ICY + b3 DECE +b4 State 
Probability modeled is CNgCl =yes (1) 
Model fit: Likelihood Ratio test (χ2 =62.4006, df=7, P <. 0001) Nagelkerke R2 =0.1116 
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 The model fit test results suggest that model 3 is statistically significant, meaning 
changing crop prices, improved crop yields, development of more efficient cropping 
equipment and state actually impacts producers’ response to the question concerning 
conversion of native grassland to cropland in the past ten years. The Nagelkerke R2 value 
of 0.1116 indicates that the model   accounts for only about 11% of shared variability in 
CNgCl 
Table 4.3.5a Type 3 Analysis of Effects for Model 3 
Type 3 Analysis of Effects 
Effect DF Wald Chi-Square Pr. > Chi-Square 
CCP 2 1.3854 0.5002 
ICY 2 3.5110 0.1728 
DECE 2 17.5647 0.0002 
State 1 19.4083 <. 0001 
Sig. level 5% 
  
 Notice from table 4.3.5a that DECE and State are statistically significant 
predictors of farmers’ response to CNgCLl,, whereas CCP and ICY are not statistically 
significant predictors of CNgCl, at the 5% level of significance. 
Table 4.3.5b Odds Ratio Estimates for Model 3 
Odds Ratio Estimates 
Effect Point Estimate 95% Wald   Confidence Limits 
CCP Great Impact vs. Some Impact 1.228 0.805 1.873 
CCP No Impact    vs. Some Impact 0.855 0.395 1.850 
ICY Great Impact vs. Some Impact 1.211 0.770 1.904 
ICY No Impact    vs. Some Impact 0.453 0.171 1.201 
DECE Great Impact vs. Some Impact 2.614 1.668 4.098 
DECE No Impact    vs. Some Impact 1.377 0.685 2.765 
State North Dakota vs. South Dakota 0.347 0.217 0.556 
Note: the omitted variable is “some impact” 
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 A quick glance at the results on table 4.3.5b should reveal that State and part of 
DECE show statistically significant odds ratios based on their 95% Wald confidence 
limits. The odds ratio for CCP and ICY are not statistically significant and thus, not very 
reliable. 
Model 4: CCRPCl = b0 + b1 CCP + B2 ICY + b3 DECE + b4 state 
Probability modeled is CCRPCI =yes (1) 
Model fitness: Likelihood Ratio test (χ2 =55.8546, df=7, P<. 0001) Nagelkerke R2 
=0.0826 
 Model 4 is statistically significant based on the output of the likelihood ratio test, 
indicating that CCP, ICY, DECE and state are important as predictors of producers’ 
response to CCRPCl. The model however, explains only 8% of shared variability in 
responses to CCRPCl according to the Nagelkerke R2 value. 
Table 4.3.6a Type 3 Analysis of Effects for Model 4 
Type 3 Analysis of Effects 
Effect DF Wald Chi-Square Pr > Chi. Sq. 
CCP 2 3.1687 0.2051 
ICY 2 1.5799 0.4539 
DECE 2 8.9819 0.0112 
State 1 20.2490 <. 0001 
Significance level 5% 
 The type 3 analyses of effects reported in table 4.3.6a, suggests that DECE and 
State are statistically significant reliable predictors of CCRPCl at 5% level of 
significance, whilst CCP and ICY are not. This means that predicting producers’ answers 
to whether they have converted any CRP land to cropland in the past ten years, using 
their responses about changing crop prices and or improvement in crop yields may not 
very reliable predictive measures. On the contrary, using producers’ responses on 
development of more efficient cropping equipment or response on the state they come 
from, may help produce reliable predictions of answers to CCRPCl.  
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Table 4.3.6b Odds Ratio Estimates for Model 4 
Odds Ratio Estimates 
Effect Point Estimate 95% Wald Confidence Limits 
CCP Great Impact vs Some Impact 1.348 0.956 1.900 
CCP No Impact    vs Some Impact 0.997 0.546 1.821 
ICY Great Impact vs Some Impact 1.266 0.876 1.830 
ICY No Impact    vs Some Impact 1.043 0.525 2.073 
DECE Great Impact vs Some Impact 1.677 1.166 2.411 
DECE No Impact    vs Some Impact 0.833 0.462 1.501 
State North Dakota vs South Dakota 2.032 1.492 2.767 
Note: the omitted variable is “some impact” 
 From table 4.3.6b, the odds ratio of 1.677 indicates that the odds in favor of 
answering a yes to CCRPCl by a producer is increased by 1.677 if the producer rated 
DECE as having great impact on their land use versus some impact. Similarly, the odds 
in favor of a yes to CCRPCl are increased by 2.032 if a producers was from ND versus if 
they were from SD. The rest of the odds ratios can be interpreted in much the same way 
except for those less than 1 in which case the odds of responding a ‘yes’ to CCRPCl 
actually declines by the magnitude of that odds ratio.  Notice that all but part of DECE 
and State have odds ratios that are statistically not significant based on the 95% Wald 
confidence limits discussed earlier. 
 In summary, changing crop prices, input prices, growth in crop yields, 
development of advanced cropping equipment and changing weather and climate patterns 
have the largest impacts on land use decisions made by farm/ranch operators in the ND 
and SD. This result of the chi-square analysis and the logistic regression provides 
evidence in support of this conclusion.   
 In the study of land use change, it is not enough to know just the ‘why’ of it, but 
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equally important to know also, is the ‘how much’ of it. Thus, the next section is devoted 
to analysis of various statistics and producers’ opinions relevant to understanding land 
use patterns in the Dakotas.  
4.4 Farmland statistics and producers’ opinions on land use patterns in the Dakotas. 
 In this section, we discuss results on the following questions: what opinions do 
farm operators in the states of North and South Dakota hold about their own land use 
change in the past? How about land use in their local area? What do farm/ranch operators 
in these states think about their own land use in the future? How about future land use in 
their locality? However, before proceeding to present the results on the questions 
possessed above, we present a series of state and regional summary tables on farmland 
acres, acres harvested in 2014, yield on non-irrigated land in 2014 and number of acres of 
native grassland, tame grassland and CRP land converted to cropland over the last ten 
years. Tables on proportional changes of grassland to cropland and CRP to crop are also 
presented and discussed in comparison with the work of Wright & Wimberly (2013). 
Table 4.4.1a Reported farmland acres operated in 2014 by State  





N CRP acres  N Pasture or 
rangeland 
acres  
ND 332 671, 154 330 525, 569 335 13, 424 336 123,591 
SD 664 1, 008, 133 642 666, 197 651 15, 186 663 350, 408 
Note: N is the number of producers. 
 Table 4.4.1a above shows reported acres based on the survey of producers in the 
two states. In absolute terms, there is more land reported for cropland in both states than 
there are for CRP and pasture or rangeland. Meanwhile, relative to the total farmland 
acres reported, more cropland and CRP acres were reported for ND than for SD. The 
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reverse was however true in the case of pasture or rangeland acres. The 2012 census of 
agricultural report shows that in 2007 there were 39,674,586 acres of land in farms in all 
of ND, of which 27,676,000 were reported as cropland acres. Thus about 70% of 
farmland acres in 2007 in North Dakota were cropland acres. Similarly, 43,666,403 acres 
of land in farms were reported for all of South Dakota in 2007, of which 19, 853,000 
were cropland acres––hence about 45% of farmland acres in SD were cropland acres in 
2007. Based on data reported in table 4.4.1a, the proportion of cropland acres to total 
farmland acres is about 78% for ND and 66% for SD. The proportion of cropland acres in 
both states is greater  
Table4.4.1b Summary Statistics on number of farmland acres operated in 2014 by 
region 
Region N Obs. Label N Sum Min Max Mean Std. Dev. 





















































































































































































Note: Cropland acres exclude CRP acres 
than the Census of Agriculture reports, because sampled counties are located in more 
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cropland-intensive Prairie Pothole regions of each state.  
A closer look at table 4.4.1b reveals that more farmland, CRP and pasture/range 
acres were reported for the central regions compared with the eastern regions. More 
cropland acres were based in the eastern regions than in the central regions.  
 In particular, the greatest mean number of acres (1,677.2 acres) of cropland was 
reported in east ND with 1,483.8 acre-variability. On the contrary, the lowest average of 
(mean) cropland acres (878.9 acres) was recorded in east central SD with variability of 
1,514.6 acres.  This suggests there was more relative variability in the number of acres of 
cropland reported by producers in east central SD than was reported in any of other 
regions. Also, notice the high variability in CRP acres in the North Central region of 
South Dakota and the Central region of North Dakota.    
Table 4.4.2a Total non-irrigated cropland acres harvested in 2014 by State 
State  Corn Acres Soybean Acres      Wheat Acres      Alfalfa Acres 
ND 110, 014 241, 069 86, 979 13, 173 
SD 278, 998 276, 533 68, 035 33, 124 
Note: figures are based on responses provided by 342 producers from ND and 684 producers from SD 
 From table 4.4.2a, notice that more corn, soybean, and alfalfa hay acres were 
recorded in South Dakota, while North Dakota producers reported more wheat acres. This 
result is consistent with literature on non-irrigated cropland acres for SD versus ND. 
 Apart from corn, soybeans, wheat and alfalfa, there is the likelihood that a 
producer harvested other grain or oilseed crops or hay crops in 2014. Hence, figures 
4.4.1a and 4.4.1b below show response distributions on whether or not respondent 
producers harvested any other grain or oilseed crops (not including corn, soybean, or 
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Note: Total response =984, ND response=333, SD response=651, Missing response=42 
Figure 4.4.1b 
 
Note: Total response =974, ND response=330, SD response=644, Missing response=52 
 
 
 From figure 4.4.1a, it can be observed that a majority (75%) of producers in ND 
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Response distributions on if  any other hay crops (not including alfalfa) were 
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including corn, soybean and wheat) in 2014. Relatively few (24%) respondents in ND 
and about 15% of respondents in SD indicated that they harvested other grain or oil seed 
crops apart from corn, soybean and wheat. 
 According to figure 4.4.1b, about 35% of respondents in ND and close to 49% of 
respondents in SD indicated that they harvested other hay crops apart from alfalfa. About 
65% of respondents in ND and 51% of respondents in SD reported that they did not raise 
any other hay crops apart from alfalfa. 
  From the results of the two figures, 4.4.1a and 4.4.1b, it is easy to see that more 
respondents in both states harvested a hay crop apart from alfalfa, compared to 
respondents who harvested other crops apart from corn, soybean or wheat.  
 The next result, table 4.4.2b shows the regional distribution of total non-irrigated 
cropland acres reported by producers in the states of ND and SD. 
  
Table 4.4.2b Total non-irrigated cropland acres harvested in 2014 by region 
Region Corn Acres Soybean Acres Wheat Acres Alfalfa Acres 
East ND 66, 755 139, 161 33, 218 2, 822 
Central ND 43, 259 101, 908 53, 761 10, 351 
Central SD 54, 846 51, 313 25, 282 10, 188 
East Central SD 90, 895 84, 914 2, 251 8, 438 
North Central SD 68, 402 67, 434 27, 531 8, 001 
North East SD 64, 855 72, 872 12, 971 6, 497 
Note: figures are based on responses provided by 342 producers from ND and 684 producers from SD 
 Table 4.4.2b can be looked at in terms of the regional split (East versus Central) 
stated in chapter three. In this way, it can be observed that the total acres reported for 
corn and soybeans in the eastern regions are higher than those reported for the central 
regions. On the contrary, the central regions tend to dominate in acres for wheat and 
alfalfa acres over the eastern region. 
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Table 4.4.2c Summary Statistics of non-irrigated cropland acres harvested in 2014 
by region 
Regions N Obs Label N Sum Min Max Mean Std. 
Dev. 
East North  
Dakota 



















































































































































































 Table 4.4.2c shows descriptive statistics for non-irrigated cropland acres 
harvested by region. Observe from the table that the maximum number of corn and 
soybean acres reported were from east central SD, whilst the maximum number of acres 
wheat and alfalfa where recorded in central SD.  
 In terms of means, North Central SD had the highest mean acres of corn, whilst 
East and Central ND recorded the largest mean acres of soybean and corn respectively. 
Central SD had the greatest mean acres of alfalfa hay. 
 Variability in the acres of corn acres harvested was highest in East Central SD, 
whilst East ND, North Central SD and Central SD recorded the highest variability in 
soybean, wheat and alfalfa acres respectively.   
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Table 4.4.3 Summary statistics of crop yields on dry land (not irrigated) in 2014 by 
region 
Region N Obs Label N Min Max Mean Std. Dev. 























































































































































  A careful look at the means column of table 4.4.3 along the lines of east and 
central regional splits reveals an interesting pattern. For corn, soybeans and wheat, 
average bushels per acre were higher in the eastern regions. Also, average tons per acre 
of alfalfa were higher for the eastern region. Variability in the number of bushels per acre 
of corn, soybeans and wheat in the eastern regions was relatively smaller than those of 
the central regions in each state.  
 If results of table 4.4.3 are considered state-wide, the mean bushels of corn per in 
ND ranged between 118 and 136, with variability between 22 and 34, while the mean 
bushels of corn harvested for SD ranged from a low of 128 to a high of 159, with 
variability between 22 and 33 bushels per acre. This shows that mean bushels per acre of 
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corn was higher and less variable in SD compared to ND. 
 Similarly, mean bushels per acre of soybean ranged between 34 and 36, with 
variability between 6 and 8 in ND, and 38 to 47 bushels per acre with variability between 
6 and 10 in SD. Hence, in relative terms, SD recorded higher mean bushels per acre of 
soybean, but more variability compared to ND. Notice that distributions of mean bushels 
of wheat per acre and average tons of alfalfa per acre by state are similar to that of 
soybeans.  
 Response distributions on farm operators’ own land use and changes over the past 
10 years 
Figure 4.4.1c 
Note: Total response =990, ND response=332, SD response=658, Missing response=36 
 Figure 4.4.1c above shows the distribution of producer responses on cropland 
acres operated in 2014 compared with cropland acres 10 years prior. Notice the 
uniformity in response distribution across the states.  Close to half the respondents in 
each of the two states indicated that no change or only minor changes have been made to 
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Response distributions on cropland acres operated in 2014 compared to 10 years ago  
 
Fewer acres than 10 years ago (by 
over 10%) 
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More acres than 10 years ago (by 
over 10%)  
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in SD reported that they made no major changes to their croplands over the last ten years.  
However, 54% of producers in ND and 51% of producers in SD reported that some major 
changes had taken place in cropland acres operated during the last decade. For this group 
of remaining respondents, more of them had over 10% increase in cropland acres 
operated during the last ten years, compared with those who said they now operate over 
10% fewer crop acres than they did ten years ago. Thus, the number of expansion of 
croplands was more than the number of contractions. 
Figure 4.4.1d 
Note: Total response =776, ND response=235, SD response=541, Missing response=250 
  
 Figure 4.4.1d shows that a majority (about 66% in ND and nearly 62% in SD) of 
producers have not changed or have very modestly changed the amount of their own 
pasture or range land over the past ten years. In terms of expansion, on aggregate, 
approximately 18% of producers in each state increased their pasture/range land acres 
operated by more than 10% over the time period. A similar proportion of producers 









North Dakota South Dakota Aggregate  
16.17% 19.22% 18.30% 














Pasture/rangeland acres operated in 2014 compared to 10 years ago 
Fewer acres than 10 years ago (by 
over 10%) 
No change or a minor change 
More acres than 10 years ago (by 
over 10%)  
	   69	  
 A quick summary of the results of figures 4.4.1c and 4.4.1d is that there was more 
change to cropland acres than there was to pasture/ rangeland acres over the past ten 
years.  
 If more change was made to cropland relative to pasture /range land in the last 
past decade, then some knowledge of what kinds of cropping decisions were made 
regarding the use of the cropland is useful in understanding land use patterns over the 
period. Hence figures 4.4.2a and 4.4.2b provide results on various cropping decisions 
over the past ten years as indicated by producers in ND and SD. 
Figure 4.4.2a 
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Figure 4.4.2b 
Note: Total response =997-1000, ND response=334-336, SD response=663-664, Missing response=26-29 
 From figure 4.4.2a, about 85% of producers in ND and 93% of producers in SD, 
grew corn and/or soybeans in each of the last 10 years. The remaining estimated 15% of 
the producers in ND and 7% in SD probably either alternated producing the crops 
between years, switched to other crops or changed their land use in general. About 69% 
of producers in ND and close to 40% in SD disclosed increasing the proportion of corn 
and/or soybean land over the period compared to other crops. Notice that even though 
more producers grew corn and or soybeans each year in SD, many more producers in ND 
have actually increased the proportion of their corn and or soybean production compared 
to those who indicated they increased their corn and or soybean production in SD.  
 Consistent with earlier results in this study, more producers in ND (50%) grow 
wheat than do producers in SD (approximately 28%). The number of producers who 
increased the proportion of their wheat acres compared to other crops in both states 
during the last ten years is small, especially when compared to the number of producers 
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  Notice that figure 4.4.2b is the second half of figure 4.4.2a. The first notable 
result for figure 4.4.2b is that a majority of producers in both states—and especially in 
SD—did not grow any other grains or oilseed crops each year in the past decade. Most 
people, 55% in SD and about 41% in ND grew alfalfa or other hay crops each year over 
the period. This result is consistent with the higher figures for pasture/rangeland and 
alfalfa acres recorded for SD in tables’ 4.4.1a and 4.4.2a above. 
 A majority of people in the two states did not adopt or increase the use of tile 
drainage on their cropland acres. However, for producers who did, the incidence was 
nearly twice in SD as there was in ND. Finally, roughly the same proportion of producers 
in each state did adopt or increase the use of no-till crop system and those who did not. 
Table 4.4.4 Grassland to cropland converted acres during the past 10 years by 
State: 2014 
Conversion ND SD Both States 
 N No. of Acres N No. of Acres N No. of Acres 
Conversion of native grass to 
cropland 
24 1, 942 112 14, 250 136 16, 192 
Conversion of tame grassland to 
cropland 
31 3, 614 113 11, 256 144 14, 870 
Conversion of CRP land to 
cropland 
104 30, 238 119 21, 716 223 51, 954 
Total  35, 794  47, 222  83, 016 
Note: N stands for number of producers. The N under each conversion category may include producers who converted 
more the than one form of grassland 
 Table 4.4.4 shows the estimated number of grassland acres converted to cropland 
by farm operators in selected counties in ND and SD over the period 2004 through 2014. 
Realize that only 24 ND respondents indicated they had converted native grassland to 
cropland over that period, compared to 113 SD producers. Clearly, SD had more 
grassland to cropland conversion. Wright and Wimberly (2013) estimated that 320,200 
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grassland acres in ND and 632,000 grassland acres in SD were converted to cropland 
(corn/soybean land) between 2006 and 2011. Their result is at variance with that in table 
4.4.4 due to several factors. First of all, the data collection methods were different; 
satellite imagery was employed to collect data in the study of Wright and Wimberly 
(2013), but survey used to collect the data used in this study. Secondly the two studies 
differ in scope; one study considered was based on selected counties in ND and SD 
whilst the other study included all counties in the two states. Grassland was also defined 
differently in the two studies. For instance, grassland in this study includes only native 
grassland, tame grassland and CRP land. Estimates for the two studies could be a lot 
more consistent if their differences in terms of approach, especially the definition of 
grassland is fixed. 





















Conversion of native 
grass to cropland 
137 1, 805 7, 157 1, 426 4,125 1, 542 
Conversion of tamed 
grassland to cropland 
649 3, 252 4, 368 1, 580 3,120 2, 188 
























 The regional distribution grassland acres converted to cropland presented on table 
4.4.5 shows relatively higher total grassland conversion for central ND, central SD and 
north central SD. This result is consistent with the report of Linden (2012), who noted 
grassland conversion was predominant in seven ND and SD counties in the Hyde-area: 
Beadle, Hand, Hyde and Sully in central SD, Edmunds and Faulk in north central SD and 
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Stutsman in central ND. It is also easy to see from the result that grassland conversion is 
more active in the central regions compared with the eastern regions. 
Table 4.4.6 Grassland and CRP land to Cropland Conversion Rates  
 
 







Proportion of total grassland acres (excluding CRP) converted to 
cropland (2004-2014) / Total cropland (excluding CRP) acres 
operated in 2014 
0.0106 0.0383 
 
Proportion of total grassland acres (excluding CRP) converted to 
cropland in (2004-2014) / total acres of cropland owned by the 







Proportion of total acres of CRP land converted to cropland 






Proportion of total acres of CRP land converted to cropland 
(2004-2014) / total acres of CRP land owned by the subset 







 Table 4.4.6 provides four distinct grassland to cropland conversion proportions 
aimed at providing a metric for measuring the intensity of grassland to crop conversion 
between 2004 and 2014 for the states considered in this study. It can be observed from 
the results in table 4.4.6 that about 1.06% of total cropland acres operated in 2014 in ND 
were grassland acres converted to cropland over the past decade. In the case of SD, 
approximately, 3.83% of total cropland acres operated in 2014 were due to converted 
grasslands over the last ten years. Note that proportion of grassland (including CRP) 
converted to cropland acres between 2004 and 2014 as a proportion of grassland acres 
operated in 2014 were 6.81% in ND and 7.08% in SD. The overall conversion rates of 
grasslands (excluding CRP) in the entire study region was 2.6% of cropland acres in 2014 
compared to 7.0% conversion rate for grasslands (including CRP) to cropland. 
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   The proportion of CRP land converted to cropland over period 2004 to 2014, was 
about 225.25% the total CRP acres reported in 2014 for ND and about 143% for SD. This 
result shows that more CRP land has been converted to cropland in ND compared to SD 
over the last decade. Also, the result is not too surprising because Ferris, J., and 
Siikamaki, J. (2009) report that in 2007 alone, over 400, 000 acres of were removed from 
CRP in North Dakota, approximately 12 percent of the total CRP acreage in that state. 
 For the subset of producers who converted grassland to cropland between 2004 
and 2014 in ND, about 4.55% of their total cropland in 2014 was due to grassland 
converted to cropland over the last ten years. Similarly, for the subset of producers in SD 
who converted grassland to cropland between 2004 and 2014, about 6.93% of their total 
cropland acres in 2014, was due to grassland converted to cropland over the past ten 
years.   
  Again, for the subset of producers who converted CRP land to cropland over the 
past decade, their total converted CRP land acres to cropland acres over the period was 
about 384% of the total CRP acres reported in 2014for ND and 388% equivalently for 
SD.  
 So far, the discussion above has focused on producers’ opinions on changes made 
to their own land over the past decade, cropping decisions in the last ten years and some 
grassland to cropland conversion statistics over the period. How about the future? What 
do producers plan to do with their native grasslands, tame grasslands and or croplands 
over next ten years? The next set of results––presented in figures 4.4.3a, 4.4.3b and 
4.4.3c—answer this question. 
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Figure 4.4.3a 
Note: Total response =1005, ND response=330, SD response=675, Missing response=21 
 
Figure 4.4.3b 












North Dakota South Dakota Both States 
3.33% 2.37% 2.69% 
89.09% 87.41% 87.96% 





















North Dakota South Dakota Both States 
7.53% 6.07% 6.55% 
81.93% 80.47% 80.95% 




















North Dakota South Dakota Both States 
14.16% 11.93% 12.66% 
69.58% 66.27% 67.36% 
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 A similar response distribution runs across all three figures in terms of producers 
who said yes, no or did not know. In the case of figure 4.4.3a most producers in each 
state do not plan to convert some native grassland to cropland during the next 10 years. 
There were more producers not sure if they would switch native grassland to cropland in 
the next ten years, than those certain to do so. This pattern of response is also seen in the 
next two graphs on tame grassland to cropland and cropland to grassland. 
  A closer look at the three graphs should reveal that, in relative terms, more 
people intend to switch some cropland acres to grassland acres than those who intend to 
switch either native grassland or tame grassland to cropland. Based on this result, it could 
easily appear as though in the next ten years a positive net conversion of cropland to 
grassland could be realized, which in that case will be the reverse of the situation in the 
last ten years as reported by Wright and Wimberly (2013) and Decisions Innovation 
Solutions (2013). But then, a positive net conversion of cropland to grassland will still 
depend on the scale of conversion by producers doing so. If the few producers intending 
to convert native and tame grasslands to cropland do so on a large scale, the possibly of 
current net conversion patterns persisting is highly likely.    
 It is not difficult to see from the results that more producers plan to convert tame 
grassland to cropland than plan to convert native grassland to cropland. This result is 
largely consistent with that in table 4.4.4 above. It is interesting to see from table 4.4.4 
that more acres of native grassland are actually converted cropland for both ND and SD 
compare to those who converted tame grassland to cropland for both states 
  In this section so far, the discussion has mainly been about producers’ actions 
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and opinions on past and future changes on their own land. The question here is––are the 
opinions reported by producers about their own past and future land use, applicable to 
other farms in their locality? Stated differently, what opinions do producers have about 
past and future changes of land use in their locality? This question is resolved in two 
stages in the set of results and discussion that follow next. The first stage, discusses 
producers’ opinions about the past, whilst the second stage discusses opinions about the 
future.  Before proceeding to the discussions on opinions on past and future changes, 
three important results are worth talking about first. The first result (figure 4.4.4) answers 
the question of how many producers consider that some change(s) have taken place on 
lands in their local area over the past decade.The second and third results (tables 4.4.7a 
and 4.4.7b) go together and answer the question––what farm-related issues would 
producers say have the greatest impact on land use change in their locality? 
 Figure 4.4.4 











North Dakota South Dakota Both States 
19.30% 22.22% 21.25% 
78.95% 76.32% 77.19% 











If no changes occurred on with respect to land use in farm operators' local area during 
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Table 4.4.7a Response distributions on farm-issue with the greatest impact on 












































Developments in pest management practices, including pest 
























































Note: figures in parenthesis are percentages  
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Table 4.4.7b Rankings of farm-related issues with the greatest influence on land use 
change in farm operators’ local area by state  







Changing prices in input markets (seed, fertilizer, chemicals, 
etc.)…………… 
3 2 
Availability of crop and revenue insurance 
policies…………………………... 
6 5 
Availability of drought-tolerant 
seed……………………………....................... 
10 10 
Developments in pest management practices, including pest management 
seed traits.. 
7 7 
Improved crop yields (other than seed related 
traits)………………………….. 
2 3 









Changing weather / climate 
patterns……………………………....................... 
5 6 
Note: Rankings indicate farm-related issues with greatest impact down to the least, with a rank of 1=greatest impact 
and a 10=least impact.  
 From figure 4.4.4, most producers (76-79%) in both states indicated that land use 
changes have taken place in their locality over the last decade. However, nearly a fifth of 
the producers in each state indicated that no land use change has occurred in their locality 
between 2004 and 2014. 
 Of the producers who indicated that some form of land use change had taken 
place in their area in the last ten years, table 4.4.7a shows a frequency distribution of their 
responses on the farm-related issue that had the greatest impact on land use decisions in 
their locality over the past decade. From the frequency distribution in table 4.4.7a, table 
4.4.7b was produced using the same approach employed earlier in this study for tables’ 
4.3.1a and 4.3.1b.  
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 Hence from the response ranking in table 4.4.7b, changing crop prices, improved 
crop yields, changing prices in input markets, development of more efficient cropping 
equipment, and changing weather/climate patterns were the top five farm-related issues 
indicated by producers in ND to have the greatest impact on the land use decisions in 
their locality. In the case of SD, changing crop prices, changing prices in input markets 
improved crop yields, development of more efficient cropping equipment, and 
availability of crop and revenue insurance policies were the top five factors noted by 
producers to have the most impact on land use decisions in their locality. Changing 
weather/climate was ranked sixth in SD. 
 When compared with the results of table 4.3.1b, rankings by producers in ND 
were quite consistent in terms of the top five farm-related issues. In the case of SD, a new 
farm-related issue emerged: availability of crop and revenue insurance policies was 
added to the list and climate and weather dropped from the top five. Thus SD 
respondents’ perception was that changing climate / weather patterns is weather patterns 
are probably not a serious factor when it comes to land use decision making in the local 
area. More important, this also could mean that the impact of changing climate/ weather 
is probably more noticeable in ND compared with SD.  
 Moving on, the results reported in figures 4.4.5a, 4.4.5b and 4.4.5c are producers’ 
perceptions on changes in grassland acres, native grassland acres and corn and or soybean 
acres within 5 miles of their operation base in the past 10 years respectively. For the 
purposes of comparison, the three results are discussed together. 
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Figure 4.4.5a 
Note: Total response =1003, ND response=332, SD response=671, Missing response=2 
Figure 4.4.5b 
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Perception on change in native grassland acres only within 5 miles of respondents' 
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Figure 4.4.5c 
Note: Total response =1008, ND response=335, SD response=673, Missing response=18 
 To the trained eye, a quick glance at figure 4.4.5a is enough to notice its 
positively skewed response distribution. In the middle, over 35% of respondents in ND, 
compared to only 21% of SD indicated that grasslands of any type within 5 miles of the 
operation base had not changed over the past 10 years. However, a majority of producers 
in each state supported that grasslands within 5 miles of their operation base had declined 
by at least 5% over the past decade.  
 In figure 4.4.5b above, the response distribution shows that a majority (59%) of 
producers in ND were of the opinion that native grasslands within 5 miles of their 
operation base had stayed the same over the last ten years compared with the about 39% 
of producers in SD. In relative terms however, many more producers indicated that there 
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indicated at least a 5% increase in grassland in their locality. The consistency of the 
results in figures 4.4.5a and 4.4.5b is quite clear and shows that far more producers 
favored a decrease in grassland their localities compared to those who indicated an 
increase. The reverse of the results in figures 4.4.5a and 4.4.5b is true for the case of corn 
and soybean lands in figure 4.4.5c. 
 With a highly negatively skewed response distribution, most producers in ND 
(90%) and SD (79%) supported the position that corn or soybean acres within 5 miles of 
producers’ farm base have increased during the last ten years. Based on this result, the 
decline in grasslands as noted by producers is probably connected with the increases in 
corn or soybean lands. The result also corroborates the findings of Decisions Innovation 
Solutions (2013), Reitsma, et al. (2014), and Wright and Wimberly (2013), all of whom 
reported that loss of grasslands was connected with increases of crop production lands 
and non-agricultural uses, despite the authors’ disparate methodologies. 
  Recall that this last set of results was based on producers’ perceptions about the 
past. We now proceed to discuss what they think about the future from the results in   
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Figure 4.4.5d 
Note: Total response =1002, ND response=332, SD response=670, Missing response=24 
Figure 4.4.5e 
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Figure4.4.5f
Note: Total response =1009, ND response=336, SD response=673, Missing response=17 
 Figure 4.4.5d shows the distribution of producers’ responses about what changes 
they anticipate will take place on grassland acres of any type within 5 miles of their 
operation base in the next ten years. Clearly, the majority of the producers in each of the 
two states revealed that grasslands would stay the same in their locality in the next ten 
years. When compared with figure 4.4.5a, at least twice the number of producers who 
indicated that grassland acres in their locality had not changed in the past decade now 
reasons that grassland land acres will stay the same in the next ten years. In the same 
way, a much lower proportion of respondents now agree that grasslands will decrease by 
at least 5% in the next ten years, compared to their response about the past. For producers 
who supported an increase in grassland acres in the future, it comes as only a marginal 
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the past. This all comes down the same conclusion as suggested by the results; even 
though grassland acres may have dropped in the past ten years, they probably will not 
drop any further over the next ten years. In any case the factors that caused the decline in 
local grassland acres in general in the past may have to be neutralized first for this 
conclusion to be true.  
 How about native grassland acres, past versus future? By looking at the 
distribution of responses in figures 4.4.5b and 4.4.5e, it is easy to see a similar pattern as 
the one discussed above on general grassland acres. Thus for the future, compared to the 
past, many more producers in both states indicated that native grassland acres in their 
localities would stay the same--i.e. less than 5% change in the next decade. Responses 
that supported future reduction in native grassland acres in the local area are far below 
that indicated reduction of native grassland in the past 10 years.  
 In general, producers seem to project a lot of stability in the number of acres of 
grasslands, corn and or soybean acres in their localities for the next 10 years. For 
instance, in figure 4.4.5c, most producers indicated that was a surge in the corn and or 
soybean acres within their local area in the last ten years. From figure 4.4.5f however, 
same producers in their responses tend to suggest that corn and or soybean acres in their 
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CHAPTER FIVE 
Discussion of Results on Farm/Ranch Operators’ Opinions about the Evolution of 
Agriculture in ND & SD: Past Versus Future 
5.1 Introduction 
 This chapter is devoted to discussing results on farm/ranch operators’ opinions on 
some revolutionary developments of agriculture in the states of ND and SD. The chapter 
is sub-divided into three main sections, which include a market outlet section, an 
infrastructure section and a weather patterns/ adversity section. The results presented in 
this chapter are mainly tables, bar charts and a chi-square test of association. In some 
cases, perceptions about the past are evaluated against the future to provide a better 
insight into the situation. 
5.2 The Nature of Market Outlets   
 Market outlets are critical to the growth of any business including agriculture. The 
cost of transportation of products from farm gates to market outlets can sometimes be 
high depending on the distance. High costs of transportation reduce profits. In this study, 
farm/ranch operators’ were asked to state how many miles, by road, their farm operation 
is from an ethanol plant or a grain elevator that accepts wheat, corn and or soybeans. The 
results of their responses are summarized by state in Tables 5.2.1 through 5.2.5 below. 
 
 
	   88	  
Table 5.2.1 Summary Statistics On Miles, By Road, to Grain Elevator Or Ethanol 
Plant From Farm Operation By State 
State N Obs Label N Min Maxi Mean Std. Dev. 
ND 342 Miles from your farm to ethanol plant 
Miles from your farm to elevator for wheat 
Miles from your farm to an elevator for corn 





















SD 684 Miles from your farm to ethanol plant 
Miles from your farm to elevator for wheat 
Miles from your farm to an elevator for corn 






















 Table 5.2.1 above shows the summary statistics on distance (miles) by road from 
farmers’ operation to an ethanol plant or a grain elevator for corn, soybean and or wheat. 
Observe that the minimum and maximum number of miles to an ethanol plant for ND is 2 
and 200 miles respectively. In the case of SD the minimum and maximum are 1 and 200 
respectively. With a variability of 26 miles in SD against 43 in ND, on average farm 
operators in SD were closer to an ethanol plant compared with their ND counterparts. 
The average distance from a farm operation to a grain elevator that acceptors corn, 
soybean and or wheat is 10 to 11 miles in ND and 10 to 12 miles in SD. The closest grain 
elevators from farm operations in ND were at least a mile to about 80 miles for a 
maximum, and less than a mile to 98 miles for farm operations in SD. Variations in the 
distances from farm operations to elevators for corn, soybeans and or wheat ranged 
between 8 and 9 miles in ND and 7 to 11 miles in SD. Hence, farms in SD were a little 
more scattered around grain elevators compared with farms in ND. 
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Frequency Missing = 29 
Note: figures in parenthesis are percentages 
 Table 5.2.2 shows a breakdown of frequencies on miles from farm operation to an 
ethanol plant by state. First off, in either state, no one had his or her farm operation 
within a mile of an ethanol plant.  Less than 3% of producers in ND and about 6 % of 
producers in SD had their farm operations between 1 to 9 miles, whilst about 49 % of 
producers in ND and nearly 80% of producers in SD had operations within 10 to 59 miles 
to an ethanol plant. Also, an estimated 7.6% of producers in ND and less 1 % of 
producers in SD had their operations 150 or more miles away from an ethanol plant. 
Clearly, from this response distribution, more producers in SD have their farm located 
closer to an ethanol plant compared to producers in ND. 
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Frequency Missing = 51 
Note: figures in parenthesis are percentages 
 The response distribution in table 5.2.3 depicts the number producers in ND and 
SD states that have their farm operations within the specified mile––categories to an 
elevator that accepts wheat. Notice that no one in ND had his or her farm operation 
located less than a mile to an elevator that accepts wheat and only an estimated 2% of 
producers in SD do. A majority––about 73% of producers in ND and close to 67% of 
producers in SD have their farm operations sited within 1 to 14 miles of a grain elevator 
that accepts wheat. In addition, no one in ND had their farm operation located 45 miles or 
more to a wheat plant, however, only about 2% producers in SD do. It is clear that there 
is a lot more people in ND with their wheat farms located closer to a grain elevator than 
there are in SD. This makes intuitive sense because earlier results in the study show that 
wheat production was more predominant in ND than in SD.  
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Table 5.2.4 Response distribution of miles from farm operation to an elevator for 
corn 















































Frequency Missing = 37 
Note: figures in parenthesis are percentages 
 Table 5.2.4 above contains the distribution of farm-operator responses on the 
number of miles their farm operation is located from an elevator that accepts corn. No 
one in ND and only one producer in SD had their corn farm located less than a mile away 
from a grain elevator. Most producers, about 74% of producers in ND and close to 78% 
of producers in SD had their corn farms with 1 to 14 miles from a grain elevator. Another 
21% of producers in ND and 18% in SD had corn farms located 15 to 29 miles away 
from an elevator that accepts corn.  No producers in SD had farms beyond 45-mile radius 
to a grain elevator, whilst less than 1% of farmers in ND were located 45 miles or more 
away from a corn processing plant. The distribution of results here hence suggest that, 
compared with producers in ND, more corn farm owners in SD had their farms closer to a 
grain elevator that accepts corn.  
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Frequency Missing = 39 
Note: figures in parenthesis are percentages 
 In table 5.2.5, a breakdown of the number of producers that operate their soybean 
farms within different various mile radii to a soybean plant are displayed. Out of 333 
farm operators in ND, no one had their farm located less than a mile away from a grain 
elevator that accepts soybeans, however, only 2 out of 654 producers in SD did. Also, an 
estimated 75% of soybean farmers in ND and about 77% producers in SD had soybean 
operations within a 1 to 14 mile radios to a soybean elevator. Finally, about 25% of 
operators in ND and approximately 22% of operators in SD had their soybean farms 
located at least 15 miles to a grain elevator. The above results suggest that more soybean 
farmers ND and SD are close to an elevator that accepts soybean. It is not clear from this 
result however, which state had more soybean operations closer to an elevator than other. 
 In summary, the results discussed from tables 5.2.1 through 5.2.5 suggests that 
distance to an elevator for corn, soybean or wheat is probably not an issue of great 
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concern to most producers in the states of ND and SD.  
5.3 Perceptions on Infrastructure 
 In this section we discuss the opinions of farm operators about the current state of 
some agricultural infrastructure in their local area compared to ten years ago. The 
perceptions discussed here were collected on four distinct production areas: namely, 
cattle production, weather production, corn production and soybean production. 
Figure 5.3.1 
Note: Total response =966, ND response=316, SD response=650, Missing response=60 
 Figure 5.3.1 is a cluster bar chart showing the distribution of farm operators’ 
perceptions about how infrastructure has changed now to support cattle production 
compared to ten years prior. It not difficult to see a distribution that is almost normal by a 
superficial look at figure 5.3.1. A little over half (about 59%) of producers in ND and 










































Perception on how infrastructure has changed now to support cattle production 
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support cattle production has taken place in the last 10 years. Based on producer 
responses, it seems infrastructure to support cattle production in ND and SD may not 
have changed significantly over the last decade. 
Figure 5.3.2 
Note: Total response =961, ND response=334, SD response=627, Missing response=65 
 The response distribution on figure 5.3.2 is similar to the distribution discussed 
for figure 5.3.1 above. Like the response on infrastructure to support cattle, most 
producers in the two states indicated that not much change has occurred in terms of 
infrastructure to support wheat production compared to ten years ago.  The proportion of 
producers that had the opinion that better infrastructure for wheat production is now 
available compared to ten years ago, was only marginally higher than those who viewed 
wheat infrastructure now as worse than ten years ago. Again, based on this result, it can 
be said that little change has taken place over the last ten years in terms of infrastructure 










































Perception on how infrastructure has changed now to support wheat production 
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Figure 5.3.3 
Note: Total response =1002, ND response=331, SD response=671, Missing response=24 
 Figure 5.3.3 shows the perceptions of producers on how much infrastructure has 
changed now to support corn production compared to 10 years ago. Most producers in 
both states did agree that better infrastructure is now available for corn production 
compared to ten years ago. In particular, about 70% of producers in ND and an estimated 
63% producers in SD supported the opinion that infrastructure now is at least somewhat 
better than ten years ago.  Very few producers had the opinion that corn infrastructure 
now is somewhat worse compared to ten years ago. Thus we can conclude that there has 























































Perception on how infrastructure has changed now to support corn production 





	   96	  
Figure 5.3.4 
Note: Total response =1002, ND response=334, SD response=668, Missing response=24 
 
 Much like the results in figure 5.3.3, the distribution of results in figure 5.3.4 
indicate that current infrastructure that supports soybean production is at least somewhat 
better than what was available ten years ago in the two states. For producers who 
indicated that soybean production infrastructure was about the same as ten years ago, 
most of them were from SD.  Few producers agreed that changes in infrastructure to 
support soybean production now are somewhat worse or much worse than ten years ago. 
 In conclusion, based on the results discussed in section 5.3, most producers in the 
Dakotas are of the view that infrastructure currently available for cattle and wheat 
production have not changed very much from what was available ten years ago. On the 
contrary, most producers did support that corn and soybean production infrastructure has 
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5. 4 Weather Patterns /Adversity  
 This last section of chapter five is devoted to discussing results on producers’ 
perceptions and opinions about weather patterns in their local area. Four main weather 
features are evaluated here: temperature, precipitation, drought and flooding. For each 
weather feature, a comparison is made on producers’ perceptions about its nature in the 
past ten years and their projections for their locality in the next ten years. A table of chi-
square tests for association on past versus future perceptions on weather patterns in the 
Dakotas is presented at the end of this section.  
Figure 5.4.1a 







































Perceptions on current temperature patterns in farm operators' local area compared 




	   98	  
Figure 5.4.1b 
Note: Total response =1000, ND response=334, SD response=666, Missing response=26 
  
 Figures 5.4.1a and 5.4.1b report farm operators’ perceptions about current 
temperature patterns compared to ten years ago and projections on temperature patterns 
for the next ten years in their area of operation respectively. As has been the case for 
most of the results in this study, there is very little variation in perceptions of producers 
in ND versus those in SD. In the first figure, the distribution of responses suggests that 
current weather patterns may not have significantly changed over the last ten years. 
Compared to those who indicated that we now have warmer temperatures, slightly more 
respondents believed that we actually have cooler temperatures. Very few respondents 
(about 5%) did not know what changes may or may not have taken place in terms of 
weather in the last decade in their locality.  
 What about projections for the future? The results in figure 5.4.1a suggest that 
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operation now will stay about the same in the next ten years. Many more producers 
projected warmer temperatures to occur in their localities ten years from now than 
respondents who projected cooler temperatures. About one out of every 5 respondents 
could not project what temperature patterns will be in the next ten years. 
   In summary, two arguments can be raised based on the results in figures 5.4.1a 
and 5.4.1b. The first one is that current temperature patterns may not have changed much 
from what they were ten years ago in producers’ localities and may likely stay the same 
in the next ten years. The second one is that a considerably higher percentage of 
respondents predict warmer weather in the next 10 years, and considerably fewer project 
cooler temperatures compared to the past ten years.  
Figure 5.4.2a 











































Perceptions on current precipitation patterns in farm operators' local area 
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Figure 5.4.2b 
Note: Total response =998, ND response=335, SD response=663, Missing response=28 
 
  Figures 5.4.2a and 5.4.2b contain the distribution of responses on current 
precipitation in farm operators’ local area relative to ten years ago, and projections about 
precipitation for the next ten years respectively. First of all, observe that there were more 
respondents in the “don’t know” categories for figure 5.4.2b than those in figure 5.4.2a. 
This means many more people are not certain about future precipitation in their local 
areas for both states. Also, for respondents in the “about the same” category, the 
proportions in figure 5.4.2b were slightly higher than those in figure 5.4.2a. This means 
that there were more people who projected precipitation for the next ten years to be about 
the same in their localities compared to those who said current precipitation is about the 
same as it was ten years ago. In addition, despite the higher response in support of more 
precipitation in the past, especially for respondents in ND, only a few of them supported 
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precipitation” categories in the two figures. There was a flip in the number of respondents 
who indicated less precipitation in the past and those who project less precipitation in the 
future for the two states. That is, about 19% of respondents in ND supported less 
precipitation now compared to a decade prior; however, about 28% of them projected less 
precipitation for the next ten years. In the case of SD, about 29% of the respondents were 
in support that there is less precipitation now compared to ten years ago and only close to 
19% of them projected less precipitation for the next ten years. Thus, from these results it 
may be concluded that perceptions about past and projections for future precipitation in 
farmers’ localities vary between the two states with no concrete general direction. 
Figure 5.4.3a 
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Figure 5.4.3b 
Note: Total response =1000, ND response=335, SD response=665, Missing response=26 
   Perceptions on past and projections for future drought incidence in producers’ 
localities are presented in figures 5.4.3a and 5.4.3b above. First, It is easy to see that more 
respondents in both ND and SD said they don’t know what future drought incidence will 
be in their localities compared to the number who said they don’t know how drought 
occurrences now differ from what they were ten years ago. Thus many more people do 
not know what the future holds in terms of drought in their localities. Second, the largest 
category of respondents in both figures were those who said current drought patterns are 
the same as they were ten years ago and or will be the same ten years from now. 
Compared to those who perceive droughts now as more than they were in the past, more 
producers project more droughts in the next ten years. For producers who indicated that 
the incidence of drought now is less than what is was ten years ago, most of them were 
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 In summary, the pattern observed in the results discussed on drought reveals that a 
greater proportion of the respondents indicated that drought cases now are the same as ten 
years and will be the same ten years from now. The second largest set of respondents in 
figure 5.4.3a indicated that drought cases now are fewer than ten years ago. However, the 
second largest group of responses in figure 5.4.3b projects more drought cases for the 
future. This is another case of a mixed result lacking concrete general direction. 
Figure 5.4.4a 
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Figure 5.4.4b 
Note: Total response =996, ND response=335, SD response=661, Missing response=30 
  Perceptions that surround current flooding incidence compared with ten years 
ago are presented in figure 5.4.4a. Observe from the response distribution that, for ND, 
about 39% of producers indicated that there is more flooding cases now compared to ten 
years ago. Another approximated 36% of respondents in ND indicated that flooding 
incidence in their local area is about the same as it was ten years ago. Nearly 20% said it 
is less and only 5% did not know. In the case of SD, the largest category of respondents 
where those who said flooding now is about the same as it was years ago, followed by 
those who said flooding is less now. One out of five respondents indicated that flooding 
cases as of 2014 were more in their localities compared to flooding cases ten years prior. 
Thus, perceptions about flooding now compared to the past vary are variable across 
states. Whilst most respondents in ND either said flooding now is the same or more than 
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 For projections on flooding incidence in the next ten years, most of the 
respondents in both states either said the extent of flooding would be the same in ten 
years as it is now or did not know. More respondents also projected less flooding cases 
for the next decade than those who projected more flooding cases. 
 In summary, even though responses about current versus past flooding is state 
dependent, response about future flooding is nearly unanimous and goes in the direction 
of either no major change in flooding cases or fewer cases in the next ten years. 
Table 5.4.1 Chi-square tests for response associations between past and future 
weather patterns of farm operators’ local area  








Local area temperature patterns 
10 years ago vs. projected 
temperature patterns of area in 
the next 10 years 
50.7627 <. 0001 145.4766 <. 0001 187.4618 <. 0001 
 
Local area precipitation patterns 
10 years ago vs. projected 
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Flooding in local area 10 years ago 
vs. projected flooding incidence in 













Significant at 0.05 level 
 As stated in the introduction of this last section, the chi-square test results in table 
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5.4.1 above measures the statistical significance of the association between producers’ 
responses on past and future weather patterns. Clearly, all four tests were statistically 
significant at the 5% probability level of significance, meaning there was significant 
consistency in the producers’ responses for past and future weather patterns. More 
importantly, a considerably higher proportion of respondents in both states indicated they 
did not know what future weather and climate patterns would be, compared to 
respondents who stated that they did not know about changes in present versus past 
weather and climate patterns. To ensure that the chi-square test results are not affected by 
the big shift in the proportion of “don’t know” responses between the past and future, a 
separate chi-square test was performed with the “don’t know” responses excluded. All 
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CHAPTER SIX 
Summary, Conclusion, Recommendations and Limitations of the Study 
6.1 Introduction 
 This chapter is the final chapter of the thesis. Thus we summarize and conclude 
the study here. Some recommendations are also made in this chapter based on the major 
findings of the research. The major limitations of the study as well as suggested areas for 
further studies are two other relevant sections discussed in this final chapter. 
6.2 Summary of findings and conclusion  
 This thesis conducts a general assessment of the following in the Dakotas: the 
main drivers land use change; recent and projected land use patterns; and evolution 
agriculture in the area, using survey data. Specific objectives include: to determine the 
main motives of land use change in the Dakotas by investigating individual and joint 
effects of external drivers of land use change on farm operators’ decisions; examine 
recent and projected agricultural land use patterns in the Dakotas based on farm 
operators’ perceptions; and to analyze farm operators’ opinions about the evolution of 
agriculture in the Dakotas base on observed changes in their local area.  
 The study region was defined as 37 counties in South Dakota and 20 counties in 
North Dakota that were located in the Prairie Pothole region (PPR) and where corn and 
soybeans were the dominant crops produced. The counties also include the localities 
where considerable change in cropping patterns has occurred in the past 20 years and 
where considerable conversion of grassland, all types, to cropland has occurred in the 
past 10 years (2004 to 2014). 
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In line with these objectives, data was collected by survey questionnaire from a sample of 
producer respondents located in the study region. A total of 1026 producer respondents 
from nearly 2900 producers contacted, completed the questionnaire during March or 
April, 2015. 
The survey data was analyzed both quantitatively and qualitatively using 
frequencies, rankings, logistic regression, summary descriptive statistics, proportions and 
bar charts. SAS programing and MS Excel, 2012 edition were the statistical packages 
used in the analysis of the data. Major findings of the research are summarized below in 
three parts as follows: 1) findings on the main drivers of land use change in the Dakotas; 
2) land conversion patterns, producers’ own conversion versus local area conversion, and 
3) the evolution of agriculture in the Dakotas. 
 Main drivers of land use change in the Dakotas: The first major result of this 
thesis is that, changing crop prices, changing prices in input markets, improved crop 
yields, development of more efficient cropping equipment, and changing climate and 
weather patterns were the top five farm related issues with the greatest impact on 
farmers’ decisions regarding their own land use. Availability of crop insurance policies 
was also observed by farmers in North Dakota to have some impact in land use decisions 
in their area on operation. This was however not the case in SD.  
 Land conversion patterns, own conversion versus local area conversion: In 
line with land conversion, the first result found was that most respondents of the survey 
in both states indicated that they currently operate the same or more cropland acres–––
more than 10% above the number of cropland acres operated 10 years ago. For pasture / 
rangeland acres, a majority of producers indicated that they currently operate fewer 
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acres––at least 10% lower than the number of acres they operated ten years ago.  
 Secondly, a vast majority of producers in both states indicated that grassland acres 
within 5 miles of their farm operation had decreased by at least five percent over the last 
ten years, whereas corn and soybean acres increased by at least 5 % in the same period.  
 Additionally, compared with the number of converted native and tame grassland 
acres, more acres of CRP land were converted to cropland acres in the last ten years in 
both North Dakota and South Dakota. 
 A regional analysis of converted acres revealed that, grassland to cropland 
conversions were more active in central regions of both states compared with conversions 
in the eastern regions. This result was found to be consistent with the report of Linden 
(2012), who noted grassland conversion was predominant in seven SD and ND counties 
in the Hyde-area, thus Beadle, Hand, Hyde and Sully in central SD, Edmunds and Faulk 
in north central SD and Stutsman in central ND. 
 Furthermore, the study found that the proportions of total grassland acres 
(excluding CRP) converted to cropland between 2004 and 2014 to total cropland 
(excluding CRP) acres operated in 2014 from the survey were about 1.06% in North 
Dakota and 3.83% in SD. However for the subset of producers that converted some 
grassland acres to cropland, the conversion rate from 2004 to 2014 was 4.55% for ND 
and about 6.93% for SD. 
 Similarly, the proportion of CRP land converted to cropland between 2004 and 
2014 was about 225.25% of the total CRP acres reported in 2014, for producers in ND 
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and about 143% for producers in SD. Thus producers in ND compared to those in SD, 
converted more CRP land to cropland in the last ten years. The result is not too surprising 
because Ferris, J., and Siikamaki, J. (2009) report that in 2007 alone, over 400,000 acres 
of CRP landwere removed from CRP in North Dakota, approximately 12 percent of the 
total CRP acreage in that state. It was also found that for the subset of producers who 
converted CRP land to cropland between 2004 and 2014, the conversion rate over the 
period was 384% for ND and 388% for SD.  
 The proportion of grassland (including CRP grassland) converted to cropland 
acres between 2004 and 2014 as a proportion of cropland acres operated in 2014 were 
6.81% in ND and 7.08% in SD. In ND, the vast majority of grassland acreage conversion 
was from CRP grassland to cropland conversion. In SD most of the grassland acreage 
conversion was from native grassland or tame grassland not enrolled in CRP contracts. 
 Finally on land use conversion, the study found that, many more producers have 
plans to convert tame grassland to cropland in the next decade than those who plan to 
convert some native grassland acres to cropland. A considerable number of producers 
also indicated that they had plans to switch some cropland acres to grassland in the next 
ten years. It also was discovered that more producers had plans to move cropland to 
grassland in the next ten years than those who plan to switch grassland to cropland. 
  Evolution of agriculture in the Dakotas: the first result found here was in 
connection with market outlets for output in ND and SD. Responses on distance (in 
miles) by road from farm operations to an ethanol plant or an elevator that accepts corn, 
wheat and/or soybeans was analyzed. The results showed that more farms in ND were 
closer to a grain elevator that accepts wheat compared to farms in SD. On the contrary, it 
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was found that many more farms in SD were located closer to an ethanol plant or to an 
elevator that accepts corn or soybeans compared to the number of farms in ND. In 
general, most farms where located within a 45-mile radius of an elevator that accepts 
corn, wheat and or soybeans and about a 100-mile radius of an ethanol plant. 
 In terms of changes in farm infrastructure over the last decade, the study found 
that most farm operators in both ND and SD indicated that cattle and wheat production 
infrastructure have not changed significantly in the last ten years. However, majority 
producers in the both states indicated that changes in infrastructure to support more corn 
and soybean production have been very significant in the last ten years. 
 The last set of major findings in this study was in line with producers’ opinions 
and perceptions about past and future weather patterns and adversities. First, it was found 
that most of producers in the study indicated that current temperature patterns are not 
significantly different from what they were ten years ago, and would likely remain the 
same in the next ten years.  About a third of the respondents however indicated that 
present temperatures are cooler than they were ten years ago but will rise in the next ten 
years.   
 Also, a majority of producers indicated that current precipitation patterns and 
drought cases have not changed much in the last ten years and would likely be about the 
same in the next ten years. However a considerable number of producers in ND stated 
that current flooding cases in their locality are more than there were ten years ago. The 
reverse of this last result was found in the case of SD. In terms of future flooding, it was 
found that most producers in both states project flooding cases in the next ten years to be 
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either about the same as now or fewer. 
 In conclusion, a great deal of sophistication exists in studying the subject of land 
effective in teasing out major elements necessary in understanding the phenomenon.  
6.3 Recommendations/ suggested areas for further study. 
 Based on the findings of this research, the following recommendations and 
questions are intended to shape and inform future research on the drivers of land use 
change and conversion. 
• What is the effect of producers’ perceptions about past and future changes in the 
amount of grassland and cropland acres in their locality on changes made to their 
own grassland and cropland acres?  
• What farm-related issues significantly affect producers’ plans about future land 
use? 
• How much has changes in infrastructure that support more corn and soybean 
production contributed to grassland to cropland conversion?  
• What regional differences exist in opinions about the farm-related issue with the 
greatest impact on changes made to land use? 
•  What is the link between perceptions about past and future weather/ climate 
patterns and land conversion decisions? 
• What is the relationship between cropping decisions and perceptions about 
weather /climate patterns? 
• What is the link between average annual gross farm/ ranch sales and land 
conversion decisions? 
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• How is a producer’s principal occupation and age related to his/her past land use 
and future land use plans? 
• What is the relationship between a producers’ time spent as a farm operator and 
his/ her land use and cropping decisions?  
•  What is the link between crop yields and land quality? 
6.4 Limitations for the Study 
This research is limited in the following regards: 
• Depth of Analysis: first, the study is limited in its depth of analysis. Most of the 
analyses performed are exploratory, which does not capture more in-depth 
relationships in the data. 
• Open-ended questions: secondly, the study relied mainly on responses to close-
ended questions in order to explain opinions on perceptions of respondents. Data 
on some open-ended responses would have been useful in further explaining 
patterns in responses to the close ended questions. 
• Risk of non-response bias: A total of 1740 of the 3000 sampled producers did 
not respond to the survey. This means there was about 58% non-response rate. 
Thus, the study will potentially suffer a non-response bias in its results if the 







	   114	  
Bibliography 
 
Babcock, B. A. 2011. “The Impact of U.S biofuel Policies on Agricultural Price levels 
 and Volatility”. ICTSD Programme on Agricultural Trade and Sustainable 
 Development (35). 
 Backlund, P., Janetos, A. & Schimel, D. 2008. “The Effects of Climate  
 Change on Agriculture, Land Resources, Water Resources, and Biodiversity in 
 the United States. Synthesis and Assessment Product 4.3 Report by the U.S. 
 Climate Change Science Program and the Subcommittee on Global Change” 
 Research. Available at:
 http://www.usda.gov/oce/climate_change/SAP4_3/CCSPFinalReport.pdf. 
 Accessed on 1 18 2015 
Badh, A., A. Akyuz, G. Vocke, and B. Mullins. 2009. “Impact of Climate Change on the 
 Growing Season in Selected Cities of North Dakota, United States of America.” 
 The International Journal of Climate Change: Impacts and Responses, 1(1):105-
 118. 
Badh, A., F. A. Akyüz, 2010: “Studying Climate Change and Precipitation Trends for 
 North Dakota”, United State. International Journal of Climate Change: Impacts 
 and Responses, Volume 2, Issue 2, pp.97-108.  
Claassen, R., Carriazo, F., & Ueda, K. 2010. “Grassland Conversion for Crop Production 
 in the United States: Defining Indicators for Policy Analysis”. Paper prepared for 
 OECD Agri-environmental Indicators: Lessons Learned and Future Directions. 
 Washington, D.C. March 23-26, 2010. 
	   115	  
Classen, R., Carriazo, F., Cooper, J., Hellerstein, D., & Udea, K. 2011. Grassland to 
 Cropland Conversion in the Northern Plains: The Role of Crop Insurance, 
 Commodity, and Disaster Programs. Report ERR-120, U.S. Department of 
 Agriculture, Economic Research Service., Washington, DC 
Deal, John. 2004. “The Empirical Relationship between Federally- Subsidized Crop 
 Insurance and Soil Erosion.” Ph.D. Dissertation. North Carolina State University: 
 Raleigh, NC. 
Decision Innovation Solutions. 2013. “2013 Multi-State Land Use Study: Estimated Land 
 Use Changes 2007-2012”. Urbandale, IA 50322: Decision Innovation Solutions. 
 Retrieved March 17, 2015, from 
 http://www.decisioninnovation.com/images/docs/130715%20Multi-
 State%20Land%20Use%20Report%20(FINAL).pdf 
Enders, W., Holt, M.T., 2012. “The Evolving Relationships between Agricultural and 
 Energy Commodity Prices: A Shifting-Mean Vector Autoregressive Analysis”, in: 
 Chavas, J.P. (ed.), The Economics of Food Price Volatility. National Bureau 
 of Economic  Research, Inc. 
Ferris, J., and Siikamaki, J., 2009. “Conservation Reserve Program and Wetland Reserve 
 Program: Primary Land Retirement Programs for Promoting Farmland 
 Conservation” Resource for the Future, Washington, Dc.   
Geoghegan, J., Villar, S., Klepeis, P., Mendoza, P., Ogneva- Himmelberger, Y., 
 Chowdhury,R. (2001). “Modeling tropical deforestation in the southern 
 Yucatán peninsular region: comparing survey and satellite data”. . Agric. 
 Ecosyst. Environ. (85), 25-46. 
	   116	  
Gigliotti, L. 2014. “Plains and Prairie Pothole LCC”. Human Dimensions of Habitat Loss 
 in the Plains and Prairie Pothole Region vol.5(27). Retrieved from   : 
 http://www.plainsandprairiepotholeslcc.org/research-project/human-dimensions-
 of-habitat-loss-in-the-plains-and-prairie-pothole-region/  on 3 19, 2015 
Glauber, J.W. 2013. “The Growth of the Federal Crop Insurance Program, 1990-2011.” 
 American Journal of Agricultural Economics, 95(2):482-488. 
Goodwin, Barry K., and Vincent H. Smith. 2003. “An Ex Post Evaluation of the 
 Conservation Reserve, Federal Crop Insurance, and Other Government Programs: 
 Program Participation and Soil Erosion,” Journal of Agricultural and Resource 
 Economics, 28(2): 201-216. 
Government Accountability Office (GAO). Agricultural Conservation: Farm Program  
 Payments Are an Important Factor in Landowners’ Decisions to Convert  
 Grassland to Cropland. GAO, Washington DC. Report 07-1054, September 2007 
International Food Policy Research Institute (IFPR) 2009. “Climate Change Impact on 
 Agriculture and Costs of Adaptation” Food Policy Report. Washington, D.C. 
Irwin, E., & Geoghegan, J. (2001). “Theory, data, methods: developing spatially-explicit 
 economic models of land use change”. Agric. Ecosyst. Environ. (85), 7-24. 
 Hertel, T. W. (2011). The Global Supply and Demand for Agricultural Land in 
 2050: A Perfect Storm in the Making? . Melbourne, Australia. 
Johnston, C. A. 2013. “Wetland Losses Due to Row Crop Expansion in the Dakota 
 Prairie Pothole Region”. Wetlands , 1. 
Kucharik, C.J. 2006. “A Multidecadal Trend of Earlier Corn Planting in the Central 
 USA.” Agronomy Journal, 98(6):1544-1550. 
	   117	  
Kucharik, C.J. 2008. “Contributions of Planting Date Trends to Increased Maize in the 
 Central United States.” Agronomy Journal, 100(2):328-336. 
Lambin, E. F & Meyfroidt, P. 2011. “Global land use change, economic globalization, 
 and the looming land scarcity”. Proceedings of the National Academy of 
 Sciences of the United States of America. Vol.108 (9), Pp. 3465–3472
 Available at: http://www.pnas.org/content/108/9/3465 
Lambin, E., Rounsevell, M., & Geist, H. (2000). Are agricultural land-use models able 
 to predict changes in land-use intensity? . Agriculture, Ecosystems and 
 Environment (82), 321–331 . 
Linden, V., Chris. 2012. “SD Pasture Land” retrieved from 
 http://www.dakotaproperties.com/farm-and-ranch-blog/sd-pasture-land-2/ 
Miao, R., Hennessy, D. A., & Feng, H. 2012. “The Effects of Crop Insurance Subsidies 
 and Sodsaver on Land Use Change”. Working Paper 12-WP 530 , Iowa State 
 University , Center for Agricultural and Rural Development Iowa State 
 University , Iowa. 
Miao, R., Hennessy, D. A., & Feng, H. 2013. “Native Grassland Conversion, the roles of 
 Risk Intervention and Swithing Costs”. Paper presented at the Agricultural & 
 Applied Economics Association’s 2013 AAEA & CAES Joint Annual Meeting, 
 Washington, DC, August 4-6, 2013. 
Nelson, A. (2001). “Analysing data across geographic scales: detecting levels of 
 organisation within systems “. Agric. Ecosyst. Environ. (85), 107-131. 
	   118	  
Olimb, S. (2013). “Land Coversion Risk Assessment:Cropland/grassland conversion 
 2008-2012”. The Northern Great Plains Program, World Wildlife Fund,, 
 Bozeman, Montana. 
Olmstead, A. L. & Rhode, P., W. 2011. “Adapting North American wheat production to 
 Climatic challenges, 1839–2009” Easterlin, R. A. ed. University of Southern 
 California, Los Angeles, CA, vol.108 no.2 Retrieved from 
 www.pnas.org/cgi/doi/10.1073/pnas.1008279108 
Plantinga, Andrew J. 1996. “The Effects of Agricultural Policies on Land Use and 
 Environmental Quality,” American Journal of Agricultural Economics, 78(4): 
 1082-1091. 
 Rashford, B. S., Walker, J., Schrag A. M. 2013. “Land Conversion in the Northern Great 
 Plains: Past, Present & Future” . II . Wyoming . Available at: 
 http://www.plainsandprairiepotholeslcc.org/wpcontent/uploads/2013/05/
 Rashford_LCC_v2.pdf. Accessed on 2 15 2015. 
Reitsma, K. D., Clay, D. E., Carlson, C. G., Dunn, B. H., Alexander J. Smart, A. J., 
 Wright, D. L., Sharon A. Clay, S. A. 2014. “Estimated South Dakota Land Use 
 Change from 2006 to 2012”. Department of Plant Science, South Dakota  State 
 University Extension Service.  
Schneider, L., & Pontius Jr, R. (2001). Modeling land-use change in the Ipswich 
 watershed, Massachusetts USA . Agric. Ecosyst. Environ. (85), 83-94. 
Serneels, S., & Lambin, E. (2001). “Proximate causes of land use change in Narok 
 district Kenya: a spatial statistical model”. Agric. Ecosyst. Environ. (85), 65-81 
Stephens, S., Walker, J., Blunk, D., Jayaraman, A., Naugle, D., & Ringleman, J. 2008. 
	   119	  
 “Predicting Risk of Habitat Conversion in Native Temperate Grasslands”.
 Conservation Biology 22(5), 1320-1330. 
The Climate Change Trust. “Evaluation of Avoided Grassland Conversion and Cropland 
 Conversion to Grassland as Potential Carbon Offset Project Types” Paper 
 prepared for the Climate Action Reserve. 
Tollefson, J. 2011. “Drought-tolerant Maize gets U.S. Debut.” Nature, 469 (January 
 13):144-144. 
Turner II, B. L., D. Skole, S. Sanderson, G. Fischer, L. Fresco and R. Leemans. 1995. 
 “Land-use and land-cover change. Science/Research Plan”. IGBP Report No. 
 35 and HDP Report No.7. 
U.S. Department of Agriculture, Economics Research Service. Environmental Effects of 
 Agricultural Land-Use Change: the Role of Economics and Policy. Economic 
 Research Report number 25. 
U.S. Department of Agriculture-National Agricultural Statistics Service (USDA-NASS),
 2007a. “Census of agriculture publications; market value of Ag product sold”. 
 Available at: 
 http://www.agcensus.usda.gov/Publications/2007/Full_Report/index.asp. 
 Accessed 2 14, 2015. 
U.S Department of Agriculture, Economic Research Service. 2014. Land Use, Land 
 Value & Tenure. Retrieved from: http://www.ers.usda.gov/topics/farm-
 economy/land-use,-land-value-tenure.aspx. accessed on February 21, 2015.    
	   120	  
United States Department of Agriculture (USDA). 1997. Usual Planting and Harvesting 
 Dates for U.S. Field Crops. National Agricultural Statistics Service, Agricultural 
 Handbook No.628, December. 
United States Department of Agriculture (USDA). 2010. Field Crops: Usual Planting and 
 Harvesting Dates. National Agricultural Statistics Service, Agricultural Handbook 
 No. 628, October. 
U.S. Environmental Protection Agency. 2013“Land Use Overview”. Retrieved from 
 http://www.epa.gov/agriculture/ag101/landuse.html   
U.S EPA. 2014. “Climate Change Indicators in the United States” Retrieved from: 
  http://www.epa.gov/climatechange/science/indicators/#learnmore  on 
 April 30,  2015 
 USGS Science of a Changing World. 2013.  “Climate and Land Use Change Research 
 and Development Program” Retrieved from: 
 http://www.usgs.gov/climate_landuse/clu_rd/ 
Veldkamp, A., & Lambin, E. 2001. “Predicting land-use change”. Agriculture, 
 Ecosystems and Environment (85), 1-6. 
VCSA, 2012. VCS Standard, Version 3.2, Washington, DC: Verified Carbon Standard 
 Association. 
Wang, S. L. & Ball, E. 2014. “Agricultural Productivity Growth in the United States: 
 1948-2011”. USDA, Economic Research service, February 2014  
Wachenheim, C. J., Lesch, W. C., & Dhingra, N. (2014). The Conservation Reserve 
 Program: A Literature Review . Agribusiness & Applied Economics Report 
	   121	  
 723, North Dakota State University , Department of Agribusiness and Applied 
 Economics Agricultural Experiment Station , Fargo 
Wright, C. K., & Wimberly, M. C. 2013. “Recent Land use change in the Western Corn 
 Belt threatens grasslands and wetlands”. PNAS vol. 110, no. 10 Pg.4134–4139. 
 Available at: www.pnas.org/cgi/doi/10.1073/pnas.1215404110 
Wu, JunJie, and B. Wade Brorsen. 1995. “The Impact of Government Programs and Land 
 Characteristics on Cropping Patterns,” Canadian Journal of Agricultural 
 Economics, 43(1): 87-104. 
Wu, JunJie, 1999. “Crop Insurance, Acreage Decisions, and Nonpoint- Source Pollution,” 
 American Journal of Agricultural Economics, 81(May): 305-320. 
Xu et al. 2013. “A global analysis of soil microbial biomass carbon, nitrogen and 
 phosphorus in terrestrial ecosystems”. Global Ecology and Biogeography 22:73
 749 
Yu, T., and B.A. Babcock. 2010. “Are U.S. Corn and Soybeans Becoming More Drought 









	   122	  
Appendix I 
FARMLAND USE DECISIONS 









PART A: FARM OPERATOR and OPERATION 
 
1. How long have you been a farm operator on any part of your current farm/ranch?   
 
1 = Have never been a farm operator     
2 = Less than 10 years as a farm operator 
3 = 10 to 19 years as a farm operator 
4 = 20 to 29 years as a farm operator 
5 = 30 years or more as a farm operator 
 
2. In what county is the majority of the agricultural land that you operate (including owned and rented) located?  
_______________________________ county 
 
3. Please enter the number of your farmland acres in the following categories. 
 Acres 
a. Total farmland acres you operated in 2014:  __________ 
b. Cropland (excluding CRP) acres you operated in 2014: __________ 
c. Your CRP acres (if any) in 2014: __________ 




4. Which of the following best describes the ownership status of the land that you farmed in 2014?    
1 = Own all the acres farmed in 2014 
2 = Own most of the acres farmed, and rent the remainder 
3 = Own and rent roughly equal number of farmland acres 
4 = Rent most of the acres farmed, and own the remainder 
5 = Rent all the acres farmed  
6 = Professional farm manager 
7 = Other – Please explain: ______________________________________________________ 
 
 
If you have never operated a farm, please 
stop here.  Return the survey in the 
envelope provided.  Thank you. 
Thank you for your interest in Farmland Use Decisions in the Dakotas.  The 
questions in this survey focus on your current farm operation as well as possible 
changes that may have occurred in the past 10 years (since 2004).  If you have 
operated a farm less than ten years, please respond to the changes made since you 
started.  For each question, please circle the number or enter the information that 
best represents your opinions and experiences. 
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5.  How does the number of farmland acres you currently operate compare to the number of acres you operated 10 
years ago? 
 Fewer acres than 10 years 
ago  
(by over 10%) 
No change or 
a minor change  
More acres than 10 
years ago  
(by over 10%) 
a. Cropland acres operated 1 2 3 
b. Pasture/rangeland acres 
operated 1 2 3 
 
 
PART B: CROP SYSTEM 
6.  Please enter your acres harvested and yield on non-irrigated land. (Use approximate yield if necessary.  
Enter 0 acres if none was harvested.)  
CROP Acres harvested in 2014 Yield in 2014 on dry land (not irrigated) 
Corn ________ acres ________ Bu/acre 
Soybeans ________ acres ________ Bu/acre 
Wheat ________ acres ________ Bu/acre 
Alfalfa  ________ acres ________ Tons/acre 
 
 Yes No 
7a. In 2014, did you harvest any other grain or oilseed crops (not including corn, 
soybeans, or wheat)? 
1 2 
7b. In 2014, did you harvest any other hay crop (not including alfalfa)? 1 2 
 
PART C:  LAND USE AND CROPPING DECISIONS 
8.  During the past 10 years, have you done any of the following?  
 Yes No 
a. Grown corn and/or soybeans each year? 1 2 
b. Increased the proportion of your corn and/or soybean acres compared to 
other crops? 
1 2 
c. Grown wheat each year? 1 2 
d. Increased the proportion of your wheat acres compared to other crops? 1 2 
e. Grown any other grains or oilseed crops each year? 1 2 
f. Grown alfalfa or other hay crops each year? 1 2 
g. Adopted or increased your use of tile drainage on cropland acres? 1 2 
h. Adopted or increased your use of no-till crop systems? 1 2 
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9.  Which of the following changes in land use has occurred on your farm operation in the past 10 years? 
Agricultural land use changes: 
Occurred in 
the past  
10 years? 
IF YES: 
About how many 
acres are involved? 
What crop is grown  
on this land? 
Conversion of native grassland to cropland? 
  1 = Yes 
  2 = No ________Acres 
1 = Corn 
2 = Soybeans 
3 = Wheat 
Conversion of tame grassland to cropland? 
  1 = Yes 
  2 = No ________Acres 
1 = Corn 
2 = Soybeans 
3 = Wheat 
Conversion of CRP land to cropland? 
  1 = Yes 
  2 = No ________Acres 
1 = Corn 
2 = Soybeans 
3 = Wheat 
Conversion of CRP land to pasture/hay? 
  1 = Yes 
  2 = No ________Acres 
 
Enrollment of farmland acres into CRP? 
  1 = Yes 
  2 = No ________Acres 
 
Enrollment of land into WRP (wetland 
reserve) or grass easement program?  
  1 = Yes 




10a. How much impact has each of the following farm-related issues had on changes you have made in the way you use 
your agricultural land? 
 
FARM-RELATED ISSUES: 












Changing crop prices 1 2 3 4 5 
Changing prices in input markets (seed, 
fertilizer, chemicals, etc.) 1 2 3 4 5 
Availability of crop and revenue insurance 
policies 1 2 3 4 5 
Availability of drought-tolerant seed  1 2 3 4 5 
Developments in pest management practices, 
including pest management seed traits 1 2 3 4 5 
Improved crop yields (other than seed related 
traits)  1 2 3 4 5 
Development of more efficient cropping 
equipment 1 2 3 4 5 
Labor availability problems 1 2 3 4 5 
Improving wildlife habitat 1 2 3 4 5 
Changing weather /climate patterns 1 2 3 4 5 
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10b. Which one of the issues in the previous table, listed below, would you say has had the greatest impact on changes 
in your own land use?  Please circle the one issue with the greatest impact. 
1 = Changing crop prices    6 = Improved crop yields (other than seed related traits) 
2 = Changing prices in input markets (seed, fertilizer, 
chemicals, etc.) 
   7 = Development of more efficient cropping equipment 
3 = Availability of crop and revenue insurance policies    8 = Labor availability problems 
4 = Availability of drought-tolerant seed    9 = Improving wildlife habitat 
5 = Developments in pest management practices, including 
pest management seed traits 
 10 = Changing weather /climate patterns 
 
 
11. During the next 10 years, do you plan to make any of the following land use changes on your farm? 
Future changes in your land use: Yes No Don’t Know 
Convert some native grassland to cropland 1 2 3 
Convert some tame grassland to cropland 1 2 3 
Convert some cropland to grassland 1 2 3 
 
PART D: MARKET OUTLETS and INFRASTRUCTURE. 
 
12. How many miles, by road, is your farm operation from . . . 
a. an ethanol plant?    __________ miles 
b. a grain elevator that accepts wheat?  __________ miles 
c. a grain elevator that accepts corn?     __________ miles 
d. a grain elevator that accepts soybeans?  __________ miles 
 
13. For each item below, please circle the number that best shows how you think the infrastructure to  
support that type of production has changed in your local area, when compared to 10 years ago.  
(Infrastructure includes transportation, market outlets, and equipment and agronomic services.) 













a. Cattle production 1 2 3 4 5 
b. Wheat production 1 2 3 4 5 
c. Corn production 1 2 3 4 5 
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PART E: LOCAL CHANGES IN AGRICULTURAL LAND USE PATTERNS   
 
Please answer the following questions about changes in land use patterns in your local area. 
14a.  How do you think the amount of the following types of grassland and cropland, within 5 miles of your farm 
















Grassland acres, any type 1 2 3 4 5 
Native Grassland acres only 1 2 3 4 5 
Soybean or Corn acres  1 2 3 4 5 
 
14b.  How do you think the amount of the following types of grassland and cropland, within 5 miles of your farm 







Stay about the 
same 







Grassland acres, any type 1 2 3 4 5 
Native Grassland acres only 1 2 3 4 5 
Soybean or Corn acres  1 2 3 4 5 
 
 
15a. How much impact has each of the following farm-related issues had on changing agricultural land use in your 
local area during the past 10 years?   
 Check this box if you would say there have been no changes in agricultural land use  
in your local area during the past 10 years.  Then go to Question 16. 
 
FARM-RELATED ISSUES: 













Changing crop prices 1 2 3 4 5 
Changing prices in input markets (seed, fertilizer, 
chemicals, etc.) 1 2 3 4 5 
Availability of crop and revenue insurance 
policies 1 2 3 4 5 
Availability of drought-tolerant seed  1 2 3 4 5 
Developments in pest management practices, 
including pest management seed traits 1 2 3 4 5 
Improved crop yields (other than seed related 
traits) 1 2 3 4 5 
Development of more efficient cropping 
equipment 1 2 3 4 5 
Labor availability problems 1 2 3 4 5 
Improving wildlife habitat 1 2 3 4 5 
Changing weather /climate patterns 1 2 3 4 5 
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15b. Which one of the issues in the previous table, listed below, would you say has had the greatest impact on causing 
changes in land use in your local area?  Please circle the one issue with the greatest impact. 
1 = Changing crop prices    6 = Improved crop yields (other than seed related 
traits) 
2 = Changing prices in input markets (seed, fertilizer, 
chemicals, etc.) 
   7 = Development of more efficient cropping 
equipment 
3 = Availability of crop and revenue insurance 
policies 
   8 = Labor availability problems 
4 = Availability of drought-tolerant seed    9 = Improving wildlife habitat 
5 = Developments in pest management practices, 
including pest management seed traits 
 10 = Changing weather /climate patterns 
 
 
PART F: WEATHER PATTERNS / ADVERSITY 
 
16.  For each item below, circle the number that best describes the current weather patterns in your local area  
compared to 10 years ago.  
a. Temperature b. Precipitation c. Drought d. Flooding 
1 = Warmer weather 1 = More precipitation 1 = More drought 1 = More flooding 
2 = About the same 2 = About the same 2 = About the same 2 = About the same 
3 = Cooler weather 3 = Less precipitation 3 = Less drought 3 = Less flooding 
6 = Don’t Know 6 = Don’t Know 6 = Don’t Know 6 = Don’t Know 
 
 
17.  For each item below, circle the number that best describes what you think weather patterns in your local area  
will be 10 years from now. 
a. Temperature b. Precipitation c. Drought d. Flooding 
1 = Warmer weather 1 = More precipitation 1 = More drought 1 = More flooding 
2 = About the same 2 = About the same 2 = About the same 2 = About the same 
3 = Cooler weather 3 = Less precipitation 3 = Less drought 3 = Less flooding 
6 = Don’t Know 6 = Don’t Know 6 = Don’t Know 6 = Don’t Know 
 
 
18. In 2014, about what percentage of the land you planted in crops had the following characteristics? 
(If none, please write “0”.  Numbers do not need to add up to 100%.) 
 Percent of your  2014 crop ground 
a. Highly erodible land (HEL)  % 
b. Heavy soil  % 
c. Slow draining soil (predominantly clay)  % 
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PART G: FARM BUSINESS OR OPERATOR CHARACTERISTICS 
 
Please record the following background information about you and your farm operation. 
19.  What is your current age category?  
1 = 19 to 34 
2 = 35 to 49 
3 = 50 to 59 
4 = 60 to 69  
5 = 70 or over 
 
20.  What is your Gender? 
1 = Male      
2 = Female 
 
21.  What is the highest level of education that you have completed? 
1 = Less than high school 
2 = High school 
3 = Some college/technical school 
4 = 4-year college degree  
5 = Advanced degree (Masters, etc.) 
 
22. What do you consider to be your principal occupation? 
1 = Farming or Ranching 
2 = Employment in off-farm job 
3 = Own/operate a non-farm business 
4 = Retired  
5 = Other - Please explain:   ___________________________________ 
 
23. Please indicate the level of your gross farm/ranch sales in a typical year.    
1 = Less than $50,000 
2 = From $50,000 up to $99,999 
3 = From $100,000 up to $249,999 
4 = From $250,000 up to $499,999  
5 = From $500,000 up to $999,999 
6 = $1 million or more 
 









Thank you for completing this survey!  We appreciate your help. Please 
place the survey in the postage-paid return envelope provided and mail it as 
soon as you are able. 
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Appendix II 
Non-significant chi-square tests of association between responses on land converted 
over the past decade against farm-related issues with the greatest impact on LUC. 








Conversion of native 
grassland to cropland vs. 
Changing crop prices  
7.6 0.0856 7.9409 0.0938 8.4073   
0.0777 
Conversion of native 
grassland to cropland vs. 
changing prices in input 
markets) 
2.3083 0.6793 6.3926 0.1717 6.8133 0.1461 
Conversion of tamed 
grassland to cropland vs. 
Changing prices in input 
markets 
5.5383 0.2364 4.2175 0.3774 3.2550 0.5161 
Conversion of CRP land to 
cropland vs. Changing prices 
in input markets 
1.7092 0.7890 2.1451 0.7091 5.6028 0.2308 
Conversion of native 
grassland to cropland vs. 
Changing weather/climate 
patterns 
10.4260 0.0338 3.5885 0.4645 8.6642 0.0701 
Conversion of tamed 
grassland to cropland vs. 
Changing weather/climate 
patterns 
2.4813 0.6480 6.4301 0.1692 4.1884 0.3811 
Conversion of CRP land to 
cropland vs. Changing 
weather/climate patterns 
4.2245 0.3765 10.3802 0.0345 4.0626 0.3976 
Conversion of tamed 
grassland to cropland vs. 
Development of more efficient 
cropping equipment 
3.0448 0.5504 2.7205 0.6056 2.4346 0.6564 
Conversion of tamed 
grassland to cropland vs. 
Improved crop yields 
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Appendix III 
Non-significant chi-square tests of association between responses on some cropping 
decisions over the past decade against farm-related issues with the greatest impact 
on LUC 








 Increased the proportion of your 
wheat acres compared to other 
crops vs. changing crop prices 
3.1102 0.5396 5.1226 0.2749 4.3095 0.3657 
Increased the proportion of your 
wheat acres compared to other 
crops vs. Changing weather/climate 
patterns 
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Appendix IV 







CRP acres Pasture or rangeland acres 










Benson 9000 8700 200 100 
Burleigh 17330 9285 575 9770 
Cass 62635 61420 495 1642 
Dickey 43207 29067 1677 11045 
Eddy 19439 15647 177 2815 
Emmons 41189 25539 0 15552 
Foster 20003 19249 216 880 
Griggs 30464 27243 455 2495 
Kidder 27160 12104 433 16046 
Lamoure 38715 30727 1784 7223 
Logan 14975 10515 3 8185 
Mchenry 869 869 0 0 
Mcintosh 24123 14911 85 6520 
Mclean 10500 5200 0 5300 
Ransom 13315 8574 575 4098 
Richland 53414 48876 573 2961 
Sargent 32335 24280 648 7090 
Sheridan 23892 18037 650 5025 
Steele 30825 28065 197 1678 
Stutsman 45499 28019 1985 8543 
Traill 29463 27382 335 292 











Beadle 52488 28951 525 20454 
Brookings 29666 23745 238 5388 
Brown 71287 55534 3281 15139 
Brule 34279 18384 357 25748 
Buffalo 3225 2325 100 15880 
Campbell 31230 7360 0 21290 
Charles mix 39764 29878 415 16421 
Clark 31459 20056 1354 9631 
Codington 31197 24464 426 6181 
Davison 21441 11751 78 4372 
Day 34793 25162 1190 4497 
Deuel 10902 7794 199 7420 
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Douglas 22435 13698 119 9447 
Edmunds 31240 19062 4 10575 
Faulk 27475 17886 0 17290 
Grant 24575 20454 405 2815 
Hamlin 23583 17119 627 5641 
Hand 44343 17407 127 29836 
Hanson 12977 8857 90 3235 
Hughes 6320 2500 0 3514 
Hutchinson 320 270 4 25 
Hyde 6576 2365 0 6960 
Jerauld 11110 3990 190 6780 
Kingsbury 46950 14561 28 21441 
Lake 25350 18873 30 4549 
Lincoln 240 180 15 10 
Mccook 17171 10907 408 4113 
Mcpherson 24260 11585 221 11785 
Marshall 20978 17979 1057 3894 
Miner 43929 31807 622 10555 
Minnehaha 31814 24421 231 6128 
Moody 27868 22801 494 2905 
Potter 25015 22264 0 5338 
Roberts 29546 24460 507 3024 
Sanborn 12230 7073 317 6510 
Spink 42299 36401 739 8535 
Stanley 3600 300 0 3300 
Sully 12095 12135 215 0 
Turner 640 540 100 0 
Walworth 13208 9950 230 2868 




























Barnes 12266 21843 4295 152 
Benson 2200 3900 320 0 
Burleigh 740 1500 2637 2105 
Cass 14486 36043 6500 422 
Dickey 8607 12001 770 1055 
Eddy 662 4305 2391 696 
Emmons 6816 4420 6468 2454 
Foster 2065 10057 5144 25 
Griggs 2981 11911 6794 685 
Kidder 574 1487 2507 1570 
Lamoure 6238 16817 3911 457 
Logan 1334 3234 2950 360 
Mchenry 0 230 630 0 
Mcintosh 1991 8750 2640 340 
Mclean 1000 700 1000 400 
Ransom 2345 3600 800 418 
Richland 15743 24223 3206 404 
Sargent 8099 10545 2647 360 
Sheridan 1980 3775 6801 165 
Steele 5809 14021 3537 381 
Stutsman 3927 19006 5259 377 
Traill 5026 16975 5439 0 
Wells 5125 11726 10333 347 
South Dakota 
Aurora 8623 7740 3700 195 
Beadle 12610 12646 1177 1468 
Brookings 10795 9672 689 1246 
Brown 24517 22901 1308 960 
Brule 7712 5736 2976 1347 
Buffalo 725 602 809 160 
Campbell 2940 1878 3400 1252 
Charles mix 9919 11319 3540 1646 
Clark 8390 8919 531 652 
Codington 9612 9543 3528 1431 
134	  
Davison 6087 7010 411 1281 
Day 8568 13261 3465 339 
Deuel 3091 3191 645 353 
Douglas 4289 4892 1350 793 
Edmunds 6353 7911 3179 1759 
Faulk 5810 7120 3638 1185 
Grant 7909 8431 1587 1613 
Hamlin 8929 8907 952 820 
Hand 6609 5273 2496 3847 
Hanson 4122 4387 0 291 
Hughes 650 290 550 0 
Hutchinson 150 120 0 0 
Hyde 541 761 1927 302 
Jerauld 1400 2360 660 430 
Kingsbury 7552 7650 296 817 
Lake 11119 9948 0 656 
Lincoln 0 150 0 0 
Mccook 6580 5624 200 613 
Mcpherson 4615 4093 1700 1028 
Marshall 9311 7512 633 370 
Miner 16735 15064 375 467 
Minnehaha 11708 10472 100 2093 
Moody 12497 11015 145 679 
Potter 6046 2815 7596 200 
Roberts 9045 13108 1630 919 
Sanborn 3280 3532 35 295 
Spink 14028 16435 3685 495 
Stanley 0 0 300 80 
Sully 2468 394 6097 0 
Turner 270 270 0 0 
Walworth 3393 3581 2725 1042 
Note: Counties in italics are not part of the original sample of counties 
